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CHAPTER 1 
Introduction 
1.1 INTRODUCTION 
Any study on emotion is expected to begin by defining what is meant by the 
term. However, when consulting the literature one gets the impression that 
there are almost as many definitions as there are studies (for an overview of 
definitions presented, see Plutchik, 1980, p. 81-83). As Strongman (1978) 
puts it, "there is no consensus of opinion; at present emotion defies defi-
nition" (p. 1-2). 
Nevertheless, it is our common every-day experience that emotions such as 
anger, fear, and joy exist. We have all experienced them when confronted 
with particular objects or events, either directly in the here and now, by 
recalling them in the past, or by envisaging them in the future, and we have a 
fairly clear idea of what feelings labels such as anger, fear, and joy refer to. 
We also know that emotional experiences are not purely private, but that 
they have outward effects. We make use of these manifestations in interpre-
ting other people's behaviour, just as they make use of them in interpreting 
ours. The expressive component of emotional experiences is an important 
aid in guiding social interaction. 
Much research has been conducted into emotional expressions. However, 
not all channels have received equal attention. The face has been studied 
most extensively (see Davitz, 1964a; Ekman, Friesen, & Ellsworth, 1972; 
Izard, 1971 for reviews); posture and gestures have hardly been looked at; 
and the voice takes an intermediate position. It is the last aspect of emotional 
expression that is the object of the present study. The aim of this study was to 
establish the characteristics of vocal expressions of emotion in Dutch and 
their recognizability as a function of sex, age, and culture. 
The empirical study of vocal expressions of emotion - "vocal" referring to 
"how" things are said as opposed to "what" is being said, or, phrased 
differently, "vocal" referring to everything that remains present in a spoken 
message after lexical and syntactic information has been removed - may be 
traced back to the twenties, but it was not until the sixties that it really got 
started. A major landmark is the year 1964 when Davitz, a clinical psycholo-
gist wondering "how to go about being 'sensitive, empathie, and emotionally 
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understanding"' (1964d, p. 2), published a collection of studies the variety 
and orientation of which is a good reflection of the kind of research that was 
to follow. In addition to a review of research into vocal expressions of 
emotion (Davitz, 1964a), the collection includes samples of descriptive re-
search, which aims at finding the perceptual or acoustic characteristics of 
vocal expressions of emotion (Davitz, 1964c), of correlational research, 
which attempts at assessing, for example, the relationship between the 
abilities to express and perceive vocal expressions of emotion (Levy, 1964), 
and of recognition research, investigating the recognizability of vocal expres-
sions of emotion and the way in which it is affected by various variables, such 
as age and sex (Dimitrovsky, 1964). In the present work the correlational 
area of research into vocal expressions of emotion will not be dealt with. 
Both the description and recognition areas, however, are covered by a 
number of studies. 
1.2 DESCRIPTION 
In the first part of this book, comprising Chapters 3,4, and 5, a description is 
presented which aims at establishing the vocal characteristics of emotions in 
Dutch. The first two of these chapters deal with perceptual ratings, the last 
one with acoustic measures. 
Although quite a few studies have been conducted which aimed at obtain-
ing perceptual or acoustic descriptions of vocal expressions of emotion, it 
appears that the knowledge gathered to date is rather limited (for an over-
view of descriptive studies and their experimental setup, see Scherer (1981b) 
and Table 3.7 in the present work). The majority of studies have been based 
on American English expressions, and only a few emotions, namely joy, fear, 
sadness, and anger, and a few vocal parameters, namely pitch level, pitch 
range, loudness, and tempo, have been examined more or less systematically. 
In many cases descriptions have been made of the emotional utterances 
produced by one or two speakers. The relationships among the vocal para-
meters and their relative importance for the discrimination among emotions 
have rarely been considered. 
In the present work, in addition to the characteristics of joy, fear, sadness, 
and anger, those of five other emotions as well as a neutral category were 
assessed. The expressions have been produced by eight Dutch adults, four 
males and four females, with two different phrases. Just like in most other 
studies to date, the parameters of pitch level, pitch range, loudness, and 
tempo were considered. This inventory was extended, however, to include 
the perceptual ratings of lip rounding, lip spreading, laryngeal tension, 
laryngeal laxness, creak, tremulousness, whisper, harshness, and precision of 
articulation, and the acoustic measurements of laryngeal tension, laryngeal 
laxness, and harshness. The meaning of the parameters has been carefully 
defined in order to allow replication of the experiments and meaningful 
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comparisons of the outcomes. The reliability of the ratings has also been 
determined. The work reported here contributes to the development of a 
comprehensive system for the phonetic description of non-verbal aspects of 
speech. The lack of such a tool has greatly hampered research into vocal 
expressions of emotion. 
A number of statistical and data processing techniques have been applied 
in order to test various effects and gain insight into the structure of the 
descriptive data. By doing so we were able, for example, to assess which 
parameters varied as a function of the emotions, the sex of the speakers, and 
the phrase which was used as the carrier for the expression of the emotions, to 
examine the relationships among the parameters, and to gain insight into the 
relevance of various parameters for the discrimination among the emotions 
expressed. 
1.3 RECOGNITION 
In the second part of this book, comprising Chapters 6, 7, 8, and 9, it is 
assessed how well the various emotions can be recognized as a function of 
sex, age, and cultural distance between speaker and subject. The subject 
groups comprise Dutch female and male adults, Dutch boys and girls of 
varying ages, and Japanese and Taiwanese adults. 
The recognition of vocal expressions of emotions by adults has been 
studied quite extensively (see Table 6.1 of the present work for a review). 
Almost all research to date, however, has dealt with American English 
expressions. The recognition of vocal expressions of emotions by children 
has received considerably less attention (see Table 7.1 of the present work for 
a review). Again, the developmental research to date has almost exclusively 
been concerned with the recognizability of American English expressions. 
Moreover, only a few emotions, especially joy and anger, have been exami-
ned systematically. Also, the performance of children below age 7 has hardly 
been looked at. In the present work, the recognizability of Dutch expressions 
of nine emotions has been assessed for children between age S and 11, and 
that of six emotions for children age 3. The results of these experiments provide 
new information on the way in which the ability to recognize emotions 
develops from early childhood on. 
The cross-cultural recognition experiments are of importance because, 
unlike information on the cross-cultural recognition of facial expressions of 
emotion, data on the cross-cultural recognizability of vocal expressions of 
emotion are scarce. Such data - combined with detailed descriptions of 
expressions produced by speakers from different cultures - are essential for 
determining to what extent the vocal characteristics of emotions are culture 
specific and to what extent they are cross-culturally, and possibly even 
universally, similar. This question is one of the main issues - and perhaps the 
most intriguing one - of research into emotional expression. 
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In all recognition studies reported special attention has been paid to the 
question of which emotions are confused with one another. The outcomes of 
these analyses add to our knowledge of the relationships among emotions, 
which ones are perceptually similar and which ones are perceptually dissimi-
lar, and the extent to which the perceived structures are shared by subjects of 
different ages and varying cultural backgrounds. 
1.4 CATEGORICAL AND DIMENSIONAL APPROACH 
At the base of the present work are the vocal expressions of nine emotional 
categories, namely, disgust, surprise, shame, interest, joy, fear, contempt, 
sadness, and anger, supplemented in most cases with a neutral category. 
These nine emotions are considered by major emotion theorists such as Izard 
(1971, 1977) and Tomkins (1962) to be "primary" (also "prototypical", 
"fundamental", "basic"). By this they mean that they consider these emo-
tions to be discrete categories characterized by specific facial patterns which 
are genetically determined and triggered by built-in neural programs. Evi-
dence in favour of this approach has been drawn from recognition research 
in which it was shown that people from widely differing cultures are able to 
keep the facial expressions of most of these emotions apart (cf. Ekman, 1973; 
Izard, 1977). (Of course, although it is shown that the facial patterns that 
characterize particular primary emotions are similar across cultures, no one 
denies that the stimuli by which particular emotions are provoked may vary 
from culture to culture, and that there are culture specific norms and 
conventions as to when and how particular emotions are displayed.) 
The above view of the structure of emotions in terms of a small number of 
specific emotions which are discretely different from one another and a great 
number of others which are second or higher order mixtures, is generally 
referred to as the categorical approach to the study of emotion, and goes 
back to and has been heavily influenced by the ideas developed by Darwin in 
"The expression of the emotions in man and animals" ( 1872). Another angle 
from which emotions have been considered (e.g. Schlosberg, 1954), is the 
so-called dimensional approach, in which emotions are assumed to be cha-
racterized by gradual and fluent transitions, and in which differences and 
similarities among emotions are described in terms of distances along dimen-
sions that run, for example, from passive to active or from negative (unplea-
sant) to positive (pleasant). The two approaches are not mutually exclusive. 
In the theory developed by Plutchik (1980), for example, and in the "hierar-
chical" model proposed by Frijda (1970) the concepts of discrete emotions 
and dimensionality have been integrated. According to Dittman (1972), the 
two approaches differ mainly in that the studies "from the category view-
point tell us how high one's accuracy can be under ideal circumstances, and 
may thus be classified as studies about competence. The dimension studies 
tell us more about how the person approaches an expression, and what sorts 
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of things he pays attention to first - such as whether it is pleasant or 
unpleasant, and so on down the line - and may thus be classified as perfor-
mance studies" (p. 73). 
In the present study elements of the categorical and dimensional approaches 
have been combined. Typical of the categorical approach is the fact that in 
the recognition experiments the subjects were offered expressions that repre-
sented the emotional categories chosen for study in their purest possible 
form, and that they were asked to respond in terms of these same pure 
categories. The dimensional approach would typically have led to the use of 
blends of emotions and responses in terms of judgments on semantic diffe-
rential scales or in terms of similarities among pairs or triads of expressions. 
In line with the dimensional approach is the fact, for example, that in the 
recognition studies, in addition to assessing the extent to which subjects were 
able to identify the emotional categories correctly, we have paid attention to 
the question of whether confusions among emotions can be explained in 
terms of their location on particular emotional dimensions. Likewise, in the 
description studies, in addition to determining the perceptual characteristics 
of the discrete emotional categories under study, we have tried to gain insight 
into the perceptual characteristics of emotional dimensions by performing a 
number of discriminant analyses and considering the functions extracted. 
1.5 STRUCTURE OF THE BOOK 
The structure of this book is as follows: 
In Chapter 2, a description is given of the speech material which has served 
as a basis for the studies reported on in the subsequent chapters. Attention is 
paid to the way in which researchers into the vocal communication of 
emotions have solved the problem of how to separate the vocal from the 
verbal channel and to the arguments which have led to our decision to opt for 
the study of simulated rather than spontaneous emotional expressions. 
In Chapter 3, a descriptive study is presented in which half of the material 
was offered to a small panel of raters with the request to score the expressions 
on thirteen vocal parameter scales. The aim of this study was to see whether 
there are specific (combinations of) vocal features that characterize the 
emotional categories investigated. A methodological point of interest is the 
reliability of the scoring. 
In Chapter 4, a study is reported in which the perceptual data obtained in 
the study described in Chapter 3 were used as input into a number of 
discriminant analyses in order to gain insight into the relative importance of 
the various vocal parameters scored to the - statistical - separation of the ten 
emotions. 
In Chapter 5, a description is given of an attempt to find the best possible 
(set of) acoustic correlate(s), from a number of plausible candidates, of the 
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perceptual scores on seven of the parameters referred to in Chapter 3. Just 
like the perceptual scores, the acoustic correlates obtained have served as a 
basis for an analysis of discriminance. 
In Chapter 6, it is assessed how well the emotional expressions can be 
recognized by Dutch adults, and to what extent recognition is affected by the 
sex of the subject, the sex of the speaker, and the phrase which was used as the 
carrier for the stimuli. 
The studies reported on in Chapters 7 and 8 deal with the recognition by 
Dutch children. Central in the study described in Chapter 7 are the questions 
of how recognition develops from age 5 on, whether there is a difference 
between boys and girls, whether recognition depends on the way in which the 
subjects were asked to respond, and whether the errors made by children 
resemble those made by adults. In Chapter 8, a similar recognition experi-
ment with S'/i-year-old toddlers is described. 
In Chapter 9, it is assessed to what extent Dutch, Taiwanese, and Japanese 
adults differ in their abilities to identify Dutch expressions of emotion and 
whether there are similarities in the confusions made. The aim of this study is 
to gain insight into the cross-cultural recognizability of vocal expressions of 
emotion. 
Finally, in Chapter 10, some description and recognition findings obtai-
ned in the preceding chapters are integrated, and suggestions are made for 
further research. 
CHAPTER 2 
Speech material 
2.1 INTRODUCTION 
No doubt most people would agree that the best speech material on which to 
base the study of both the characteristics and the recognizability of vocally 
expressed emotions would be speech material produced spontaneously in a 
real-life setting. Nevertheless, it appears that relatively few empirical studies 
on vocal expressions of emotion have made use of natural speech, notable 
exceptions being some studies conducted by Brown (1980), Huttar (1968), 
and Williams and Stevens (1972, 1981). 
Brown (1980) carried out a recognition study in which tape recorded speech 
samples (played backwards so that it was impossible to understand what was 
being said) were offered, produced by a young couple upon the occasion of 
the birth of their first child. The recordings had been made at different stages 
of the event: during a visit to the doctor, in the labour room at delivery, and 
after delivery. Recognition was assessed by counting the number of times 
that subjects were able to tell during which of the three stages each speech 
sample had been uttered. In the same publication Brown mentions ongoing 
studies in which the voices of athletes before and after winning and losing 
were used, and recordings of reminiscences of happy, sad, difficult, etc. life 
experiences. 
In a study in which the relationship between emotional meaning and 
various vocal speech parameters was assessed, Huttar (1968) offered the 
utterances of one adult male taken from a series of discussions and classroom 
lectures. Emotional meaning was established by means of ratings on seman-
tic differential scales, the terms of which were descriptive of emotions. 
Williams and Stevens (1972) acoustically analyzed the recordings of a 
radio-announcer describing the approach of the Hindenburg at Lakehurst, 
New Jersey, when the zeppelin suddenly burst into flames. The announcer 
continued his description (with one or two short breaks) throughout the 
disaster. Williams and Stevens (1969, cited in Williams & Stevens, 1981) also 
analyzed the recordings of a conversation between a civilian pilot and a 
control tower operator. During the course of the recording the pilot encoun-
tered serious problems with his aircraft. The recording ended with the pilot 
losing control and crashing. 
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There are also a number of studies which have made use of speech samples 
that, although not obtained in real-life situations, nevertheless contain some 
natural elements. Brown (1980), for example, carried out a recognition 
experiment in which descriptions of films varying in emotional impact were 
offered to a group of subjects who, after having seen the same films, were 
requested to indicate which film was being described. The descriptions were 
in Spanish, a language with which none of the subjects were familiar; hence, 
they could only rely on vocally transmitted information for their choice. A 
somewhat similar procedure for obtaining stimuli was employed by Markel, 
Bein, and Phillis (1973). They had subjects describe Thematic Apperception 
Test (TAT) cards. The descriptions were categorized in terms of the degree of 
outward directed and inward directed hostility and then related to auditory 
ratings of pitch, loudness, and tempo. 
A common characteristic of the studies mentioned above is that the verbal 
content of the speech samples is not controlled for. This may be a serious 
disadvantage. It means, for example, that if one wants to assess the extent to 
which emotional meaning can be derived from nonverbal properties of 
speech alone, measures will have to be taken to make sure that possibly 
relevant information contained in the verbal channel is eliminated. The 
separation of the verbal channel and the vocal channel has been one of the 
major problems facing researchers investigating the recognition of vocal 
expressions of emotion. One solution to this problem has been sought in the 
application of different content masking techniques, i.e., techniques which 
render the verbal content of speech unintelligible while preserving most of 
the vocal information. 
A simple content masking technique, which has been used, for example, in 
one of the above mentioned studies by Brown and in a study by Knower 
(1941), is to play the tape with the recorded speech backwards. In this way 
speech is rendered unintelligible, whereas voice quality, tempo, pause distri-
bution, pitch range, and overall pitch level are left undisturbed. On the other 
hand, the technique has the drawback of distorting the original intonation 
contour, thus removing possible cues to emotional meaning. 
Another content masking technique is random splicing, a technique 
developed by Scherer (1971) and utilized in a number of subsequent studies 
(e.g. Blanck, Rosenthal, Snodgrass, DePaulo, &Zuckerman, 1981; Scherer, 
Koivumaki, & Rosenthal, 1972). Basically, this technique consists of remo-
ving the pauses from a stretch of recorded speech, cutting the rest of the tape 
into pieces, and splicing these back together in random order (at first this was 
done by hand, later electronically). If the pieces are short enough (between 
150 and 300 ms), this procedure results in almost total unintelligibility even 
after repeated exposure, whereas voice quality, pitch, and amplitude, both in 
terms of average level and range, as well as rate are preserved. As a content 
masking device, it has the same drawback as the preceding technique, namely 
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of removing various cues which may be relevant to the communication of 
emotional meaning, such as temporal features and intonation patterns. But 
then, it is exactly the fact that certain cues are no longer present which makes 
it possible to use this type of technique in recognition studies to gain insight 
into the contribution of different cues to the transmission of emotional 
meaning (see also Section 4.1). 
A third way in which content may be masked is to pass the recorded speech 
through an electronic lowpass filter. In this way high frequencies, which play 
an important role in the distinction of speech sounds and are hence crucial to 
speech comprehension, are removed (for a detailed description of an electro-
nic filtering system, see Rogers, Scherer, & Rosenthal, 1971). Unfortunately, 
the higher frequencies also contribute to voice quality perception, which 
means that this technique too may result in the loss of emotionally relevant 
information. Moreover, it appears that if the same speech sample is repeated 
often enough, even at fairly low cut-off frequencies (400-450 Hz) subjects end 
up understanding what is being said (Kramer, 1964; Ross, Duffy, Cooker, & 
Sargeant, 1973). Studies in which lowpass filtering has been used are Kramer 
(1964), Burns & Beier (1973), Fechner (1978), McCluskey, Niemi, & Albas 
(1978), Scherer, Koivumaki, & Rosenthal (1972), and Soskin & Kauffman 
(1961). 
In most cases in which playing backwards, random splicing, and lowpass 
filtering have been used in recognition research as content masking techni-
ques, they served to mask the content of speech obtained in a situation in 
which there were no constraints on what the speakers said. Another method 
which has been used to ensure that the verbal channel could vary freely 
without influencing the judgments of the listeners is to offer expressions of 
emotion in a foreign language, or, more precisely, in a language that the 
listeners cannot understand (cf. Brown, 1980; Kramer, 1964). This method 
can only be used with fluent bilinguals (one of the two languages preferably 
being a rather exotic one) who are able - and it is questionable whether this is 
altogether possible - to use the words and syntax of the foreign language 
while using the pitch, tempo, voice quality, etc. as they characterize emotions 
in the language of the listeners. It is essential that this be done since it is well 
known (see Chapter 9) that in different languages emotions may be expressed 
in different ways, not only verbally but also vocally. 
In addition to the problem of how to separate the vocal and verbal channels -
a problem which is more important for recognition research than for descrip-
tive research - there are a good many other reasons why so little use has been 
made of spontaneously produced emotional utterances. One reason is that 
such speech samples are very difficult to obtain. As Scherer states, "emotions 
are considered in most cultures private experiences which, at least in their 
extreme manifestations, are to be hidden or suppressed in public. Even if 
their expression is allowed, such as grief at a burial, it is usually in highly 
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ritualized and ceremonial situations in which recording or filming or syste-
matic observation are deemed inappropriate" (1981b, p. 201). (That it 
nevertheless is possible to find opportunities to record spontaneous instances 
of emotional speech has been demonstrated by Brown in a number of studies 
described above.) 
The need for high quality recordings free of background noise, especially 
in those cases in which detailed acoustic analyses are to be carried out, has 
also discouraged the use of real-life utterances. 
Another problem in using spontaneous speech is that it is hard to know 
what emotion the speaker was experiencing when producing it. This problem 
is particularly acute in cross-cultural research, since it is well known that the 
events which elicit a particular emotion may vary from culture to culture, 
and that there are different display rules, i.e., different norms regarding the 
expected management of emotional manifestations (for some examples and 
an extensive treatment of the subject, see Ekman, 1973). For recognition 
research this means that there is no objective criterion which can be used to 
determine the accuracy of listeners' responses. This problem has sometimes 
been avoided by giving the listeners the contexts in which the stimuli were 
produced as response categories. Moreover, researchers have sometimes 
contented themselves with establishing whether there is any system in the 
listeners' choice of a particular label when asked to describe the stimuli. But 
then, any system found might be caused by the fact that some labels are more 
likely to be chosen than others, for instance because they happen to be more 
frequently used in everyday language. Not knowing what emotion has been 
expressed is, of course, problematic in descriptive research as well. 
A related problem, which has often been pointed out, is the fact that in 
everyday life "pure" emotions hardly occur; in most cases several emotions 
will be simultaneously present. Also, natural emotional behaviour tends to 
be rather mild as a result of display rules which deintensify, mask, or 
neutralize emotional expressions. To use Scherer's formulation again, "If the 
speech samples used in simulation studies are not natural enough, the 
samples consisting of spontaneous speech are not emotional enough" (1979, 
p. 512). 
A final problem worth mentioning is the replication problem, the fact that 
many spontaneous utterances obtained may prove to be single cases, as it will 
be difficult to obtain other emotional expressions from the same speaker or 
expressions of the same emotion from other speakers. 
In view of all the problems described above, it is not surprising that the vast 
majority of researchers have resorted to simulated expressions of emotion. It 
is then possible to use high quality equipment for the recordings and to 
exclude possible interactions between the verbal and vocal channels by 
having the speakers express the different emotions with speech samples with 
a fixed verbal content. As has been pointed out above, the use of simulated 
expressions of emotion is not only advantageous in recognition research -
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correct identification of the emotions expressed will then exclusively be 
based upon the correct interpretation of the vocal cues - but also in descrip-
tive research since it enhances the comparability of the descriptions - any 
variation in the speech signal can be attributed to differences in emotional 
meaning. Moreover, by using the simulation method the problem of how to 
decide what emotion is expressed may be solved by taking the intention of the 
speaker as a criterion, the chance of obtaining "mixed" stimuli is made 
somewhat smaller, and the replication problem is taken care of. 
Furthermore, it is quite reassuring that, at least for facial expressions of 
emotion, significant correlations have been found both between the abilities 
to decode posed and spontaneous stimuli, and the abilities to encode posed 
and spontaneous stimuli (Zuckerman, Hall, DeFrank, & Rosenthal, 1976). 
Zuckerman et al. obtained the spontaneous expressions by videotaping 
subjects' faces while watching a number of unpleasant and pleasant videota-
ped scenes, and while talking about their reactions to the scenes. The facial 
segments were judged on a categorization measure, which required subjects 
to choose from among the videotaped scenes the one which they thought the 
sender was watching or talking about, and a pleasantness measure, which 
required subjects to judge how pleasant they thought the sender's feelings 
were. Accuracy of the judgments was defined both in terms of the original 
categorization of the videotaped scenes and the reaction to these as reported 
by the senders themselves. 
As for vocal expressions of emotion, Williams and Stevens (1972) compa-
red the original speech of the radio announcer describing the Hindenburg 
disaster (see above) with the speech of an actor who was asked to read a 
written version of the announcer's commentary as if he were in the announ-
cer's position. Acoustic analyses revealed that in comparison to speech 
samples before the crash, speech samples after the crash, both in the original 
and simulated announcements, manifested irregular F0 jumps, an increased 
F0 median, and a wider F0 range. In all three cases these acoustic phenomena 
were more clearly visible in the simulated than in the spontaneous speech. 
Thus, it looks as if simulated expressions have characteristics in common 
with spontaneous expressions. Moreover, if indeed emotional cues are more 
clearly present in simulated expressions - and this is not altogether unlikely in 
view of the purity and extremeness of simulated expressions - this could be 
taken as an argument to start by studying simulated expressions, and after-
wards complement the findings with data derived from real-life behaviour. 
Tables 3.7, 6.1, and 7.1 list, in addition to an occasional study with sponta-
neous speech samples or synthesized stimuli, the most relevant studies in 
which simulated vocal expressions of emotion have been used, and their 
methodology. It may be seen from these tables that a frequently used method 
in simulation studies is to ask a number of speakers, either professional 
actors, amateur actors, speech students, or persons without any dramatic or 
voice training, to produce a set of different emotions by counting, for 
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example, from one to nine, or by reciting part of the alphabet. Other 
researchers have utilized meaningful, but presumably emotionally neutral 
speech samples of differing lengths, either single words, phrases, sentences, 
or paragraphs. 
By keeping the speech material used as the carrier for the emotional 
expressions constant and assuming that its semantic meaning is emotionally 
unbiased, any emotional meaning inferred from the stimuli is deemed to have 
been transmitted via the vocal channel rather than via the verbal channel. 
Some standard passages have been particularly popular, such as the follo-
wing, which, with slight modifications, has been used in a great number of 
studies: "There is no other answer. You've asked me that before. My reply 
has always been the same, and it will always be the same". 
Often speakers have been asked to produce standard passages like these in 
isolation; in some instances standard passages have been inserted into diffe-
rent scripts each designed to fit the expression of a particular emotion, in an 
attempt to make the speakers' task a somewhat more natural one. After-
wards, the passages would then be taken out of their contexts again, either to 
be offered in a recognition experiment or to be described. Another attempt to 
obtain less artificial speech samples has been the mood induction technique 
in which the speakers are requested, for example, to first read an emotional 
poem or listen to selected music designed to put them in a specific emotional 
state before they produce the emotional utterances. 
Not much is known about the relative efficacy of the different methods used 
in simulation studies and the consequences of the composition and the 
nature of the speech material for description and recognition. Problems 
inherent in mood induction are, in any case, that the range of different 
emotions which can be induced is rather limited, and that the effects of the 
technique may not be strong and/or long-lasting enough to show up after-
wards in the voice. 
With respect to the choice of the speech material, it is clear that the use of 
letters and numerals is very artificial. As for the different lengths of meaning-
ful speech samples, samples consisting of one word seem to be too short to be 
able to contain all the different cues that might be relevant to emotional 
communication. On the other hand, a disadvantage of long samples, such as 
paragraphs, is that it may be hard for the speakers to sustain the emotional 
expressions throughout the speech sample. Therefore, we think that the best 
method would be to use a number of phrases or sentences. 
As for the speakers, it seems safest to take people with at least some 
background in or inclination for acting since otherwise there is a fair chance 
that they will either be too embarrassed to fulfill their task or unable to 
differentiate among the expressions of various emotions. 
On the basis of the arguments given above, in the present investigation we 
have chosen to examine the characteristics and recognizability of a set of 
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simulated rather than spontaneously produced emotional expressions. The 
most common simulation method has been used, i.e., one in which the 
speakers were requested to express a number of emotions with a standard 
speech sample, in our case phrases. More details about the method used are 
given below. 
2.2 METHOD 
2.2.1 Speakers 
A series of pilot experiments were conducted in which subjects were asked to 
express one or two phrases with nine different emotions, i.e., disgust, sur­
prise, shame, interest, joy, fear, contempt, sadness, and anger, in addition to 
a neutral category. Five researchers from the Institute of Phonetics of the 
University of Nijmegen judged the expressions thus obtained on recognizabi-
lity by indicating their judgment on a 5-point scale, in which 1 = insufficient, 
2 = almost sufficient, 3 = sufficient, 4 = largely sufficient, and 5 = good. 
Only those speakers were considered to be acceptable who, averaged over all 
expressions and all judges, score a 3 or higher. Twenty-three subjects were 
needed to obtain four males and four females who met this criterion. 
The speakers selected were aged between 20 and 26 years. All were native 
speakers of Dutch and had attended an institute for higher education for at 
least one year. Most had had some experience with drama but not professio­
nally. None of them had voice problems. The speakers were paid for their 
participation in the experiment. 
2.2.2 Phrases 
In the pilot experiments it appeared to be very difficult to find standard 
phrases which are both completely neutral with respect to their verbal 
content and suitable for expression with a wide range of different emotions. 
We considered it essential that every effort be made to ensure that the 
speakers would be able to differentiate between the emotions expressed, even 
if this meant selecting one or more phrases of which the verbal content might 
be associated more easily with some emotions than with others. This possibi­
lity was checked later in one of the recognition experiments (see Chapter 6). 
In order to select the most suitable phrases the speakers participating in 
the pilot experiments were offered a set of eight phrases with the request to 
try and see which ones they had least problems with. There was general 
agreement that the following four phrases were most suitable: 
1. Daar is ie weer (/dar is i uer/) ("there he is again") 
2. Twee maanden zwanger (/tue manda zuarpr/) ("two months pregnant") 
3. Ze is bij de luchtmacht (/za is ЬЕІ da ΙοεχΙιηαχΐ/) ("she's in the air force") 
4. Zo'n grote Amerikaanse auto (/zon xrota amerikansa oto/) ("such a big 
American car") 
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2.2.3 Instructions 
'As it is commonly known that emotion labels, such as surprise, leave room 
for somewhat varying interpretations (pleasant surprise, unpleasant sur-
prise, startled surprise, etc.), an attempt was made to narrow their meaning 
down by offering the speakers specific contexts in which to express the 
various phrases with the different emotions. This attempt failed because the 
suitability of the contexts appeared to be person dependent, and also because 
some speakers preferred not to use any context at all; they concentrated on 
the experience of a particular emotion and then "threw out" the phrase, or 
concentrated on the formal appearance of the emotional expressions. We 
therefore decided not to impose any constraints and to have the individual 
speakers themselves determine which method of expression suited them best. 
The only thing that was asked of them was to try and express each phrase 
with each emotion as unambiguously as they could, and to keep on trying 
until they were satisfied with the result or felt that further attempts would be 
futile. They were told, however, not to insert any extra words or noises, such 
as laughs or sobs, and to remain intelligible. 
2.2.4 Recordings 
In four different sessions with an interval of between one and seven days, the 
eight speakers which had been selected were asked to express the four phrases 
with the nine emotions mentioned above and also in a neutral way (in order 
to simplify further reading from now on neutral will also be referred to as an 
emotion). The recordings were made in an audio studio using a Sennheiser 
condenser microphone type 415, a Studer audio console, and Studer tape 
recorders type A 80/R. The distance between the mouths of the speakers and 
the microphone was held as constant as possible by placing a support pillow 
behind the heads of the speakers. It was sometimes necessary to attenuate the 
speech signal, particularly with loud expressions of anger and joy, in order to 
prevent overloading. 
Immediately after each session the speakers listened to their own record-
ings to choose the best expression of each emotion with each phrase. The 4 
(sessions) X 4 (phrases) X 10 (emotions) = 160 best utterances of each 
speaker were spliced to one master tape which at the end of the fourth session 
was again presented to the speaker with the request to indicate the best 
expression of each emotion with each phrase. Thus, the final data base 
consisted of 8 (speakers) X 4 (phrases) X 10 (emotions) = 320 emotional 
expressions. 
These 320 expressions have all been used as stimuli in the recognition 
experiment with Dutch adults described in Chapter 6. The other recognition 
experiments (Chapters 7, 8, and 9), however, and the perceptual and acoustic 
descriptions (Chapters 3, 4, and 5) are based on different subsets of the 
speech material. Detailed information will be given in the respective chap-
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ters. However, in order to avoid redundancy, the reader will be referred back 
each time to the present chapter for information on the way in which the 
speech material has been obtained. 

CHAPTER 3 
Perceptual characteristics of discrete 
emotions 
3.1 INTRODUCTION 
From a survey of the literature it appears that not much is known yet about 
the characteristics of vocal expressions of discrete emotions, only a few 
emotional categories having been more or less systematically investigated, 
and then only with respect to a limited number of vocal parameters. More-
over, it appears that most descriptions pertain to emotional utterances 
produced by American English speakers; the data on other languages are 
very scanty and scattered (see Table 3.7). 
The major objective of the study presented in this chapter was to obtain an 
extensive perceptual description of a large number of vocal expressions of 
discrete emotions in order to establish their characteristic features and to 
compare these with findings from other studies. We were also interested in 
whether the realizations of the various emotions varied as a function of the 
sex of the speaker and the phrase with which they were uttered. A methodo-
logical point of interest was the interrater reliability of the ratings. 
One of the reasons why the study of the vocal characteristics of emotional 
speech has been so limited - and this holds for perceptual as well as acoustic 
descriptions, the choice of specific acoustic parameters often being determi-
ned by the search for correlates of specific perceptual parameters - has been 
the lack of a comprehensive system for the description of vocal phenomena. 
The available coding schemes (e.g. Crystal, 1969, 1975; Crystal & Quirk, 
1964; Trager, 1958) have been rarely used in empirical research into emotio-
nal characteristics, for a great part as a result of the fact that the categories 
included in them are often not defined explicitly enough to permit an 
unambiguous interpretation. Another reason may be that the inventory of 
phenomena covered often makes a somewhat ad hoc impression because of 
the lack of a theoretical framework within which the schemes are placed (for 
some critical remarks, see also Scherer, 1982, p. 146). Moreover, few data 
have been reported on the intra- and interpersonal reliability of the applica-
tion of the categories included in the schemes developed. 
However scarce the data on the characteristics of vocal expressions of 
discrete emotions may be, it looks as if at least some of the emotions for 
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which universal facial configurations have been found are realized vocally 
fairly consistently also, both within and across cultures, at least with respect 
to the few vocal features which have been more or less systematically 
examined. Thus, it has been found that sadness is generally characterized by 
low pitch, soft voice, and slow tempo, and anger and joy by high pitch, loud 
voice, and fast tempo. Many more descriptive data are badly needed though, 
both to extend the range of features on which attention has hitherto been 
focused (i.e., pitch level, pitch range, tempo, and, to a lesser degree, loudness) 
and in order to assess whether consistent vocal patterns may be found for 
other than the few emotions which have been considered. More extensive 
descriptive research is essential to determine the extent to which the vocal 
characteristics of emotions are culture-specific and/or arbitrary and the 
extent to which they are universal and/or physiologically determined. 
Knowledge in this area may eventually lead to insight into the innate compo-
nent of emotional manifestations. 
Most of the perceptual parameters used in the present study for describing 
Dutch realizations of ten different emotions have been derived from one of 
the earlier drafts of the perceptual protocol for the auditory description of 
abnormal voices found in speech disorders which has been developed by 
Laver and his co-workers (Laver, Wirz, MacKenzie, & Hiller, 1981). This 
protocol is an extension of what has been called "the first theoretically 
consistent and well-documented system of categories for the assessment of 
voice quality on the phonatory-articulatory level" (Scherer, 1982, p. 148), 
which Laver had originally developed for the normal voice (Laver, 1968, 
1975, 1979, 1980; Laver & Hanson, 1981; Laver & Trudgill, 1979). 
The basic unit of the scheme developed by Laver is the auditory impression 
rendered by a voice "setting", which is a habitual tendency towards maintai-
ning particular muscular adjustments, of the vocal tract and/or the larynx. 
Examples of voice settings are the tendency to speak with lip spreading (a 
supralaryngeal setting) or with a creaky mode of phonation (a laryngeal 
setting). Each such component/setting is defined in terms of its deviation 
from an acoustically and articulatorily specified neutral configuration of the 
vocal apparatus. The perceptual product of constellations of such compo-
nents/settings in the speech of a given speaker makes up his vocal profile. 
The notion of setting has been developed in phonetic theory mainly to 
describe relatively permanent vocal effects acting as individuating markers, 
i.e., distinguishing the habitual voice of a particular speaker from that of 
other speakers, as social markers, i.e., distinguishing the habitual voice of a 
group of speakers from that of other groups of speakers (van Bezooijen, 
1983; Esling, 1978; Trudgill, 1974), or as linguistic group membership mar-
kers, i.e., distinguishing the habitual articulatory tendencies of speakers of 
different languages (Honikman, 1964; Scherer, 1974). Many of the same 
vocal phenomena, however, which provide extralinguistic information, i.e., 
information on the (quasi-)permanent characteristics of speech, may also be 
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employed for paralinguistic purposes, e.g. for the communication of affect 
(Laver & Trudgill, 1979, p. 15-16). Therefore, it is possible to use a number of 
the categories proposed by Laver for the phonatory-articulatory description 
of relatively permanent vocal effects in a study, such as ours, of the more 
temporary vocal characteristics of emotional expressions. 
The scheme developed by Laver for the description of the normal voice 
placed a strong emphasis on voice quality settings. In the more recent and 
revised schemes aimed at describing abnormal voices, in addition to voice 
quality features, a few prosodie features, related to pitch, loudness, and rate, 
have been included (see the analysis protocol given in Laver et al., 1981 p. 
140-141). Some of the latter features have also been rated in the present 
study. 
3.2 METHOD 
The perceptual description was obtained by having a small panel of raters 
score vocal expressions of emotion in Dutch on a selected set of vocal 
parameter scales. 
3.2.1 Speech material 
The speech material consisted of a subset of the recorded material, namely 
160 emotional expressions, consisting of 8 speakers (4 males and 4 females) X 
2 phrases {twee maanden zwanger and zo'n grote Amerikaanse auto) Χ 10 
emotions (neutral, disgust, surprise, shame, interest, joy, fear, contempt, 
sadness, and anger). (For a more detailed description of the speech material, 
see Chapter 2.) Only half of the material was described because a description 
of the full set of 320 utterances would have been too time consuming. 
3.2.2 Raters 
The emotional expressions were rated by six persons, five females and one 
male, all between 23 and 28 years of age. One was the present author, two 
were graduate students of phonetics, two were graduate students of Dutch, 
and one was a graduate student of applied linguistics. The two students of 
phonetics were paid for their participation; the three other students partici­
pated in partial fulfillment of their degree requirements. None of the raters 
knew any of the speakers. 
3.2.3 Parameters 
The 160 emotional expressions were rated on thirteen scales, namely: 
1. Lip rounding (roun) (0 = none, 5 = extremely rounded) 
2. Lip spreading (spre) (0 = none, 5 = extremely spread) 
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3. Laryngeal tension (tens): squeezed and tight quality (0 = none, 5 = 
extremely tense) 
4. Laryngeal laxness (laxn): sonorous and resonant quality (0 = none, 5 = 
extremely lax) 
5. Creak (crea): glottal or vocal fry (0 = none, 5 = extremely creaky) 
6. Tremulousness (trem): trembling quality (0 = none, 5 = extremely 
tremulous) 
7. Whisper (whis) (0 = none, 5 = extremely whispery) 
8. Harshness (hars): rough and rasping quality (0 = none, 5 = extremely 
harsh) 
9. Pitch level (pite): global impression of the average pitch level, related to 
the sex of the speaker (1 = extremely low, 7 = extremely high) 
10. Pitch range (rang): distance between the lowest and the highest pitch (1 
= extremely narrow, 7 = extremely wide) 
11. Loudness (loud): impression of the original absolute loudness (all recor-
dings were brought to the same intensity level (see Section 2.2.4)) (1 = 
extremely soft, 7 = extremely loud) 
12. Tempo (temp): articulation rate, i.e., the amount of speech produced per 
time unit, disregarding the pauses if any (1 = extremely slow, 7 = 
extremely fast) 
13. Precision of articulation (prec): precise articulation would be characteri-
zed by the presence of less assimilation, tenser vowels, and longer and 
more fortis consonants than imprecise articulation (1 = extremely im-
precise, 7 = extremely precise) 
Parameters 9 to 13 were rated on bipolar 7-point scales, going from one 
extreme via a neutral midpoint to the opposite extreme; these parameters are 
an intrinsic part of the speech signal. Parameters 1 to 8 were rated on 
unipolar 6-point scales, going from the paralinguistic absence of the feature 
in question to a high degree of presence; these parameters can only depart 
from the neutral point of reference into one direction. Exceptions are laryn-
geal tension and laryngeal laxness. These two scales were taken in their 
original form from Laver (1981) (we admit it would have been more logical to 
combine these two scales to one; in later research this has in fact been done). 
All but one of the 6-point scales ( 1, 2,3,4, 5,7,8) have been taken from an 
earlier version of the protocol used by Laver et al. (1981) for the description 
of abnormal voices. However, we have not adopted the division between 
normal and abnormal separating scalar degrees 2-4 from scalar degrees 5-7, 
firstly because, as Laver et al. pointed out themselves, "the normal/abnor-
mal division is somewhat problematic" (1981, p. 145) and secondly because 
the distinction is not relevant outside a context of treatment. 
At the time that we selected our parameters, parameter 6 (tremulousness) 
did not figure in the protocol used by Laver et al. We included it in our 
inventory because of indications in the literature (Fairbanks & Pronovost, 
1939) that this feature might be characteristic of some emotions in the 
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stimulus material. It was later added by Laver et al. to their scheme also, in 
the form of "tremor". The same holds true, more or less, for four of the other 
parameters that we have selected for use in the present study, namely 
parameters 9, 10, 11, and 12: At the time that we drew up our inventory these 
parameters were not systematically used by Laver et al., but they were later 
added to their scheme. In emotion research these four parameters are the 
vocal characteristics which have been studied most frequently, in contrast to 
Laver's approach generally by means of ratings on bipolar scales. We 
decided to follow this tradition. For a detailed acoustic and articulatory 
description of parameters 1, 2, 5, 7, and 8, we refer to Laver (1980); a 
description of parameters 3 and 4 is given by Scherer (1974, p. 287). Parame-
ter 13 was included because it had been found by Williams and Stevens (1972) 
to differentiate between at least some of the emotions examined. This para-
meter is discussed by Scherer (1974, p. 286). 
3.2.4 Rating 
The rating sessions were preceded by training sessions which aimed at 
developing a common frame of reference and common anchor points for the 
different scale positions on the different parameter scales. This was done by 
listening to expressions of emotion not belonging to the corpus of utterances 
to be scored in the rating sessions but which were produced by the same 
speakers, and by comparing and discussing the ratings of the individual 
raters in the group. Use was also made of a demonstration tape (Laver, 1980). 
The scoring of each parameter was practiced for about 10 minutes, which 
means that the raters must be considered as slightly trained. 
The 160 utterances used in the rating sessions were randomized per 
speaker and per phrase. In each session the utterances were rated on two or 
three parameters. The utterances were repeated until all raters had recorded 
their scores. During these sessions the raters were not allowed to discuss their 
ratings. They were asked to rate the vocal characteristics of the emotional 
utterances in relation to the anchor points established in the training sessions 
and not as deviations from the habitual voice of the speakers. When rating 
pitch level, the sex of the speaker was taken into account. Parameters 1 and 2 
(lip rounding and lip spreading) were mutually exclusive, i.e., only one of the 
two could be rated for any one expression. The same was the case for 
parameters 3 and 4 (laryngeal tension and laryngeal laxness). 
3.3 RESULTS 
We will first present the reliability of the ratings. Then, after having assessed 
whether there was a systematic relationship between the scores on the 
different parameter scales and the sex of the speakers, the phrases, and - most 
importantly - the emotional categories expressed, and also after having 
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established to what extent the ratings on the various parameters varied 
independently of each other, the results will be given with respect to the 
characteristic vocal patterns that we have found for the different emotions 
3 3.1 Reliability 
In order to assess the reliability of the means of the ratings given by the six 
raters on each of the thirteen parameter scales use was made of the intraclass 
correlation coefficient computed according to the method given in Winer 
(1971, p. 287, formula 7) The coefficients are given in Table 3.1 Since the 
reliability data show that the agreement among the raters is quite satisfacto­
ry, the individual ratings were combined to means for the subsequent ana­
lyses. 
Table 3 1 Reliability of the ratings on thirteen vocal parameter scales for 160 emotional expres­
sions 
Lip rounding 89 
Lip spreading 87 
Laryngeal tension 94 
Laryngeal laxness 90 
Creak 94 
Tremulousness 86 
Whisper 90 
Harshness 94 
Pitch level 95 
Pitch range 92 
Loudness 94 
Tempo 94 
Precision of articulation 86 
3.3.2 Factors sex of speaker, phrase, and emotion 
The mean ratings on each of the thirteen parameters were subjected to 2 X 2 
X 10 X 8 analyses of variance with three fixed factors, namely sex of speaker 
(A), phrase (B), and emotion (C), and one random factor, namely speakers. 
A repeated measurements design was used with speakers nested under the 
factor sex of speaker. A was tested against subjects within groups, В and A X 
В against В X subjects within groups, С and A X С against С X subjects 
within groups and В X С and A Χ В X С against В X С X subjects within 
groups. We adopted a level of significance of 5%. The results are given in 
Table 3.2. 
3.3.2.1 Factor sex of speaker 
As may be seen from Table 3.2, for only two parameters, namely laxness and 
harshness, a significant effect for the factor sex of speaker was found. 
Table 3 2 Analyses of variance based on the mean ratings on thirteen vocal parameter scales for ten emotions expressed with four phrases by male and female 
speakers 
Source of variation 
Sex of speaker 
Phrase 
Emotion 
A Χ В 
A X C 
B X C 
A X B X C 
(A) 
(B) 
(C) 
df 
1,6 
1,6 
9,54 
1,6 
9,54 
9,54 
9,54 
F-ratio 
Roun 
3 20 
26 08· 
2 02 
Oil 
0 78 
0 78 
102 
Spre 
0 25 
14 31* 
2 69· 
0 27 
135 
1 12 
0 84 
Tens 
291 
000 
20 00· 
6 16* 
179 
0 89 
0 96 
Laxn 
12 15· 
0 10 
24 51· 
0 47 
3 02· 
0 68 
0 38 
Crea 
000 
6 29* 
6 60· 
136 
0 56 
2 36· 
051 
Trem 
084 
5 86 
4 50· 
046 
195 
2 78· 
2 82« 
Whis 
000 
0 77 
4 94· 
153 
177 
1 80 
150 
Hars 
10 91· 
4 13 
3 41· 
2 18 
160 
101 
186 
Pite 
2 87 
2 24 
15 97· 
0 04 
2 19 
099 
103 
Rang 
0 14 
4 54 
11 40· 
081 
146 
187 
0 56 
Loud 
0 75 
001 
27 93· 
125 
1 68 
1 55 
105 
Temp 
108 
0 64 
9 31· 
0 07 
0 82 
060 
0 77 
Free 
I 22 
0 29 
3 54* 
0 23 
0 66 
0 77 
1 11 
* p< 05 
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Inspection of the cell means revealed that the emotional expressions of the 
male speakers were perceived to be more lax and more harsh than those of 
the female speakers. For either parameter the lowest score for any of the four 
male speakers, averaged over the two phrases and the ten emotions, was 
higher than the highest score, averaged over the two phrases and the ten 
emotions, for any of the four female speakers. For the other parameters the 
conclusion may be drawn that the perceptual scores have not been influenced 
in a systematic way by the sex of the speaker. There was only one significant 
interaction between sex of speaker and emotion, namely in the case of 
laryngeal laxness, and only one significant interaction between sex of speaker 
and phrase, namely in the case of laryngeal tension. As for the latter interac-
tion, it appeared that the phrase twee maanden zwanger had been perceived to 
have been produced with an equal amount of tension by the male and the 
female speakers, whereas for zo'n grote Amerikaanse auto the male realiza-
tions received much higher tension scores than the female ones. 
3.3.2.2 Factor phrase 
The factor phrase had a significant effect in the case of three parameters, 
namely lip rounding, lip spreading, and creak. As for the first two parame-
ters, it appeared that the phrase zo'n grote Amerikaanse auto had been 
perceived more often and to a higher degree to have been produced with lip 
rounding, while the realizations of twee maanden zwanger had been perceived 
to be more spread. As for creak, it appeared that the former had received 
higher ratings than the latter. 
3.3.2.3 Factor emotion 
With regard to the factor emotion - the factor we are most interested in - it 
appears that there is a significant effect on the scores for all parameters 
except lip rounding, which was therefore excluded from further analysis. In 
order to gain insight into the source of this effect - after all, theoretically it 
would, for example, be possible that in all cases it was one and the same 
emotional category that differed from all the others - Duncan's new multiple 
range test (Kirk, 1968, p. 93-94) was carried out, separately for each of the 
twelve parameters for which a significant effect of the factor emotion had 
been found. Duncan's test is an a posteriori contrast test; it is a systematic 
procedure for comparing all possible pairs of group means (in this case the 
mean scores for each emotion, averaged over speakers and phrases), and for 
determining the significance of the differences among them. 
The outcomes of the test suggest that the twelve parameters may be 
roughly divided into two groups. In the one group, comprising lip spreading, 
laryngeal laxness, creak, tremulousness, whisper, harshness, and precision of 
articulation, a few emotional categories differ significanty from all or most of 
the other categories: joy (an exceptionally clear example) in the case of lip 
spreading; neutral, shame, and interest in the case of laryngeal laxness; 
sadness and shame in the case of creak; sadness and fear in the case of 
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whisper; joy, and to a minor degree, disgust and anger in the case of 
harshness; and sadness in the case of precision of articulation. In the other 
group, comprising laryngeal tension, pitch level, pitch range, loudness, and 
tempo, it is not so much one or two emotional categories differing signifi-
cantly from the rest, but rather most categories differing significantly from at 
least a number of other categories. For this group it is much harder to 
characterize the emotional categories. 
In any case, these results suggest that most or all of the twelve parameters 
may contain information on particular emotions expressed. In order to gain 
additional information on the relationships among the different parameters, 
and especially in order to determine to what extent the parameters vary 
independently of each other, product-moment correlations were computed 
(Table 3.3). The level of significance was set at 5%. 
It appears from Table 3.3 that there are quite a few significant correlation 
coefficients. Most of them are not very high though, especially if one thinks 
in terms of the amount of variance in one variable accounted for by any of the 
other variables (r2). Only in three cases, which are more or less to be expected 
on physiological grounds, did we find fairly high correlations between pairs 
of variables, namely a negative one between laryngeal tension and laryngeal 
laxness (-.67), and positive ones between laryngeal tension and loudness (.71) 
and between laryngeal tension and harshness (.65). 
The fact that the factor emotion was found to have a significant effect on the 
scores for twelve vocal parameters, the fact that an a posteriori contrast test 
revealed that this effect was not due to one or two emotions being different in 
all respects from the rest, and the fact that very few of the parameters 
correlate highly with each other suggest that each of these twelve parameters 
might be relevant to distinguishing the ten emotional categories examined. In 
order to get an impression of the typical characteristics of the different 
emotions the scores on the twelve parameters were averaged over speakers 
and phrases, separately for each emotional category. The mean scores on 
each of the twelve parameters and the standard deviations are presented in 
Table 3.4. 
If we try to combine - for some parameters such as laryngeal tension, pitch 
level, pitch range, loudness, and tempo somewhat tentatively - the data given 
in Table 3.4 with the results of the a posteriori test mentioned above, it 
appears that only one emotion is characterized by the presence of lip sprea-
ding namely joy, which is, of course, what one would expect because of the 
smile which often accompanies expressions of joy. Anger is characterized by 
great laryngeal tension, whereas neutral, shame, and interest are characteri-
zed by great laryngeal laxness. Sadness is characterized by creak; fear and 
sadness by tremulousness; shame and fear by whisper; and disgust, joy, and 
anger by harshness. It may further be seen that joy is characterized by a high 
pitch, and neutral and disgust by a low pitch; that surprise and interest are 
characterized by a wide pitch range, and sadness and shame by a narrow 
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Table 3 4 Mean scores and standard deviations (in parentheses) for ten emotions on twelve vocal parameter scales 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Spre (0-5) 
0 07 (0 33) 
0 41 (0 78) 
0 30 (0 70) 
0 05 (0 27) 
0 09 (0 54) 
0 97(148) 
0 25 (0 85) 
0 34 (0 75) 
0 27 (0 57) 
0 24 (0 70) 
Hars (0-5) 
004(0 20) 
1 07 (1 48) 
0 78(1 30) 
0 04 (0 29) 
0 02 (0 14) 
1 16(147) 
0 50(122) 
0 32 (0 67) 
0 27 (0 66) 
1 00 (1 34) 
Tens (0-5) 
0 03 (0 23) 
2 22(142) 
2.29(131) 
0 20 (0 47) 
0 56 (0 79) 
2 62 (1 47) 
2 60(1 27) 
1 64 (1 29) 
1 50(1 20) 
3 35(100) 
Pite (1-7) 
3 46 (0 56) 
3 47 (0 94) 
5 09(109) 
3 59 (0 76) 
4 88 (0 58) 
5 56 (0 79) 
5 24 (0 66) 
3 68(1 34) 
4 46 (0 84) 
4 48 (0 88) 
Laxn (0-5) 
2 30(1 56) 
0 04 (0 29) 
0 26(0 71) 
1 50 (1 48) 
0 77(1 13) 
0 12 (0 57) 
0 00 (0 00) 
0 40(101) 
0 18 (0 63) 
0 00 (0 00) 
Rang (1-7) 
3 71 (0 61) 
4 00 (0 88) 
5 58 (0 98) 
3 38 (0 85) 
4 77 (0 76) 
4 36 (0 87) 
3 88 (0 88) 
4 33(1 30) 
3 06 (1 00) 
4 30 (0 87) 
Crea (0-5) 
0 52 (0 78) 
109(142) 
0 31 (0 80) 
1 16(133) 
0 20 (0 45) 
0 19 (0 65) 
0 33 (0 80) 
0 76(1 25) 
2 10(1 59) 
0 20 (0 64) 
Loud (1-7) 
3 98 (0 29) 
4 42 (0 78) 
4 85 (0 74) 
2 90(0 67) 
4 17 (0 54) 
5 27 (0 70) 
4 07 (0 99) 
4 58(0 61) 
3 77 (0 88) 
5 55 (0 63) 
Trem (0-5) 
0 01 (0 10) 
0 05 (0 27) 
0 04 (0 20) 
0 06 (0 24) 
0 02(0 14) 
0 26 (0 74) 
0 59(101) 
0 22 (0 58) 
0 57 (0 94) 
009(0 44) 
Temp (1-7) 
4 09 (0 39) 
2 96 (0 92) 
4 12(0 84) 
3 68 (0 85) 
4 45 (0 72) 
4 32 (0 89) 
4 54 (0 95) 
3 43 (0 99) 
3 74(0 71) 
4 27 (0 83) 
Whis (0-5) 
0 64 (0 10) 
1 06 (1 32) 
104(1 21) 
1 46 (1 39) 
0 77 (0 92) 
0 49 (0 86) 
1 78 (1 50) 
0 57 (0 83) 
0 78 (0 99) 
0 40 (0 69) 
Prec (1-7) 
4 42 (0 77) 
4 22(1 15) 
4 03 (0 76) 
3 98 (0 75) 
4 23 (0 45) 
3 93(0 71) 
3 81 (0 70) 
4 35 (0 82) 
3 56 (0 86) 
4 38 (0 74) 
to 
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pitch range; that joy and anger are characterized by a loud voice, whereas a 
soft voice is characteristic of shame; that a slow tempo is characteristic of 
disgust and contempt; and, finally, that sadness is characterized by imprecise 
articulation. These observations are presented in Table 3.5, grouped together 
per emotional category. 
Table 3 5 Characteristic features of Dutch expressions of ten emotions 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Great laryngeal laxness, low pitch level 
Harshness, low pitch level, slow tempo 
Wide pitch range 
Great laryngeal laxness, narrow pitch range, soft voice 
Great laryngeal laxness, wide pitch range 
Lip spreading, harshness, high pitch level, loud voice 
Tremulousness, whisper 
Slow tempo 
Creak, tremulousness, narrow pitch range, imprecise articulation 
Great laryngeal tension, harshness, loud voice 
3.4 DISCUSSION 
3 4.1 Reliability 
In the present study high interrater reliability coefficients were obtained for 
the ratings by six slightly trained raters (on the average only 10 minutes of 
training per parameter) on the parameters of lip rounding, lip spreading, 
laryngeal tension, laryngeal laxness, creak, tremulousness, whisper, 
harshness, pitch level, pitch range, loudness, tempo, and precision of articu-
lation. That pitch level, loudness, and tempo could be reliably assessed 
perceptually has been known for quite some time (Constanzo, Markel, & 
Constanzo, 1969, DaVitz, 1964c, Duncan & Rosenthal, 1968; Huttar, 1968; 
Markel, 1965). More recently, Scherer (1978), using phoneticians as raters, 
found a rather high reliability for pitch level, pitch range, loudness, precision 
of articulation, creak, and a number of other parameters not included in the 
present study, such as dynamic range and breathiness. He found a very low 
coefficient, however, for laryngeal tension. In the same study Scherer obtai-
ned a high reliability with untrained undergraduate students for harshness, 
loudness, and pitch. Hammarberg et al (1980), using one phomatncian and 
thirteen speech therapists (who had worked together for some ten years) as 
raters, found high reliabilities for, among other things, creak, harshness, 
whisper, and tremulousness. Tartter (1980) reports that non-trained high 
school and college students identified lip spreading significantly more often 
than chance. 
Laver et al. (1981), instead of computing reliability coefficients, assessed 
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the "accuracy" of the ratings of two groups of ten speech therapists each on a 
wide range of settings. One group had been trained on a two-and-a-half day 
program and the other on an eight week, one-and-a-half hour session per 
week program. The stimulus material consisted of six rather deviating voices. 
Accuracy was defined in terms of the mean deviations of the ratings from the 
agreed upon judgments of a panel of three raters who had an experience of 
many years in the use of the system, had been closely involved in its develop-
ment, and, in many cases, were informed about the physiological origin of 
the speech defects they described. For both groups the rating of whisper, 
creak, harshness, lip rounding/spreading, laryngeal tension, and many other 
settings not employed in the present study was found to be acceptable, i.e., on 
the average less than two scalar degrees removed from the panel score. It 
should be noted, however, that not all settings were present in the stimulus 
material, so that the results might be somewhat flattering (it is probably 
easier to agree on the absence of a feature than on the degree in which a 
feature is present). 
In general, these data suggest that a fairly reliable perceptual description 
comprehending quite an extensive number of vocal characteristics may be 
obtained if well trained raters are used, and also if slightly trained or (large 
groups of) untrained raters are used. However, it should be kept in mind that 
the reliability of ratings may be affected by various factors. In our stimulus 
material, for example, covering the expressions of a wide variety of different 
emotions, for most parameters the range spanned by the utterances was quite 
wide, and this is known to raise reliability. This will also be the case with 
material in which both healthy and pathological voices are included. More-
over, in our material the task of the raters was facilitated by the fact that the 
verbal content of the speech samples was held constant, the fact that there 
were a number of utterances produced by one and the same speaker which 
were each time presented consecutively, and the fact that in each session only 
a few parameters were scored (in most other studies each speech sample is 
rated on all parameters simultaneously). The length of the utterances to be 
described probably has a differential effect on the rating of the different 
parameters. We had the impression that in our material the rating of pitch 
level, pitch range, loudness, and tempo may have been relatively easy be-
cause the utterances were too short to manifest much variation, whereas 
creak, for example, was relatively difficult to rate because the utterances were 
not long enough to give a good impression of the relative occurrence and 
strength of this parameter. It should also be noted that there are many 
different measures for assessing reliability, sometimes yielding quite diver-
gent results (for a comparison of different measures, see Asendorpf & 
Wallbott, 1979). 
3.4.2 Factor sex of speaker 
Analyses of variance carried out on the mean ratings for each of the 160 
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utterances, separately for each of the thirteen parameters, hardly yielded any 
significant effects for the factor sex of speaker. Other researchers who have 
reported descriptions of vocal expressions of emotion have either not been 
interested in differences between the realizations of their male and female 
speakers, or have not tested the significance of the differences found (Skin-
ner, 1935; Kaiser 1962). Davitz, (1964c) seems to be the only exception. He 
had the expressions of fourteen different emotions, expressed by four female 
and three male speakers, rated on four speech scales, namely loudness, pitch 
level, timbre, and rate. He found that these vocal characteristics varied over 
the fourteen emotional expressions in about the same way for males and 
females. 
The few differences that we did find, namely greater laxness and more 
harshness for the male speakers, were so consistent for the individual spea-
kers that they may be characteristic of the difference between female and 
male speech in general. At least for harshness, this is confirmed by the 
impression that harsh voice is heard much less commonly in women than in 
men (Laver, 1980, p. 128). 
3.4.3 Factor phrase 
The fact that a significant effect of the factor phrase on the ratings for lip 
rounding and lip spreading was found, may be explained by the fact that, in 
our experience, extra (para- or extralinguistic) lip rounding is easier to detect 
in rounded vowels, whereas extra lip spreading is easier to detect in unroun-
ded vowels. As a consequence, /zon xrota amerikansa oto/, containing four 
rounded vowels three of which can be stressed, would be likely to attract 
higher scores on the scale for lip rounding than /tue manda zixirpr/, a phrase 
which does not contain a single rounded vowel. Similarly, /tue manda 
zuaijar/, containing three unrounded vowels which can be stressed would be 
more likely to attract higher scores on the scale for lip spreading. This is 
exactly what we found. It must be said, however, that in this particular case 
our experience does not agree with Laver's views as to the kind of key 
segments that would be most susceptible to the effects of lip settings; accor-
ding to him, rounding would be most audible on spread vowels, especially 
the closed ones such as / i / , whereas spreading would be most easily percei-
ved with rounded vowels such as the / u / (Laver, 1981). 
In any case, the conclusion seems warranted that it is not sufficient to 
ensure that the verbal content of the standard material used in simulation 
studies is emotionally unbiased or fit to be produced with a wide range of 
different emotions. Apparently it is also advisable to pay due attention to the 
phonetic properties of the speech material in order to prevent undesirable 
interactions between speech material and the parameters used in the investi-
gation. One would have to take care, for example, to include an equal 
number of rounded and spread vowels in different phrases in order for them 
to be completely comparable. On the other hand, the emphasis on perfectly 
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phonetically balanced speech material should not lead to the construction of 
texts that are so unnatural and lengthy as to make any emotional rendering 
of them impossible. 
3.4.4 Perceptual characteristics of emotions 
As for the characteristics of the various emotions examined in the present 
study (see Table 3.5), neutral was found to be characterized by a high degree 
of laryngeal laxness and a low pitch level; disgust by harshness, a low pitch 
level, and a slow tempo; surprise by a wide pitch range; shame by great 
laryngeal laxness, whisper, a narrow pitch range, and a soft voice; interest by 
great laryngeal laxness and a wide pitch range; joy by lip spreading, 
harshness, a high pitch level, and a loud voice; fear by tremulousness and 
whisper; contempt by a slow tempo; sadness by creak, tremulousness, a 
narrow pitch range, and imprecise articulation; and anger by great laryngeal 
tension, harshness, and a loud voice. Most of these characteristics emerged 
clearly from an a posteriori contrast test in which for each parameter a 
pairwise comparison was made among the mean scores for each emotion. 
Nevertheless, it should also be noted that for the characteristics mentioned 
the variance of the scores around the means was generally rather high, which 
means that these characteristics have not been produced very consistently. 
It would of course, be interesting to see to what extent our findings with 
regard to the characteristics of vocal expressions of emotion in Dutch 
correspond with the outcomes of previous research pertaining to other 
languages. Unfortunately, it is impossible to make more than a partial and 
tentative comparison. 
The comparison can only be partial because not all emotions and very few 
parameters have been studied in previous research. It can only be tentative 
because of the fact that varying speech material has been used, the fact that it 
has sometimes been produced by only one or two speakers, and most of all 
because the stimuli have been described in different ways. The last problem 
concerns both the interpretation of acoustic and perceptual data. Little 
research has been done into the relationship between acoustic and perceptual 
variables, particularly in running, non-neutral speech (this problem is dealt 
with in Chapter 5). Hence it is often not clear in what way acoustic findings 
should be interpreted and translated into perceptual terms. Patterns of vocal 
characteristics of emotional expressions stated in perceptual terms are often 
hard to interpret because of the lack of consistency in the terminology used -
breathy and whispery, for example, sometimes refer to the same phonatory 
and acoustic phenomenon, and sometimes to separate phenomena - and 
because of the absence of reliability data. 
For the comparison between our findings and the outcomes of other 
studies we have only made use of those acoustic and perceptual measures of 
which it is commonly assumed that they are more or less directly related to or 
comparable with a specific parameter employed in our study. Some diffe-
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rences between measures, such as the fact that tempo has sometimes been 
defined as speaking rate (including pause time) and sometimes as articula-
tion rate (excluding pause time), and the fact that the acoustic correlate of 
pitch level has sometimes been defined as F0 mean and sometimes as F0 
median, have been disregarded. Had we been more strict, there would have 
been very little to compare. 
With regard to most of our parameters, no or very few data are available for 
comparison. The only parameters on which more or less systematic data are 
available, either in perceptual or acoustic terms, are pitch level (average 
fundamental frequency), pitch range (fundamental frequency range), tempo 
(normalized duration), and, to a lesser degree, loudness (intensity or energy 
distribution in the voice spectrum). Since these data have often been presen-
ted verbally, for example in terms of high, mid, and low pitch, rather than 
numerically, either in Hz, semitones, dB, or sec, or in the form of scale 
positions, we were forced to divide the scales that we employed for the rating 
of these four parameters into similar categories in order to allow compari-
son. Unfortunately, these very parameters happened to be among the ones 
for which the a posteriori comparison test described above had yielded 
results which were hard to interpret in terms of categorical differences 
between (groups of) emotions. In the absence of formal criteria, we decided 
to proceed as follows: Emotions that on the average had received a score 
above scale position 4.2 were considered to be high (with regard to pitch 
level), wide (with regard to pitch range), loud, or fast, and emotions that on 
the average had received a score below scale position 3.8 were considered to 
be low, narrow, soft, or slow, respectively. Emotions for which the average 
score fell in between were interpreted as mid. This is, of course, a rather 
arbitrary procedure, but then, any other procedure would have been equally 
arbitrary. 
Even so it is hard to compare results. The way in which researchers have 
assigned different emotions to different categories is far from consistent and 
is often not explicitly mentioned. In some cases emotional expressions have 
been related to each other (as in our case), in other cases to some non-defined 
baseline or to neutral speech. A drawback in taking neutral speech as a 
reference is that, as we have seen above, it does not occupy a "neutral" 
position on all parameter scales: In the present study, for example, neutral 
was characterized by the lowest pitch level and the most precise articulation 
of all categories examined. This finding is very intriguing - it suggests that 
speakers and raters may have had divergent ideas on what the term neutral 
stands for - but also rather annoying. It could mean, for example, that what is 
considered high pitch in one study may well be considered low pitch in 
another, depending on the point of reference used, and, if the emotions are 
contrasted with one another, on the specific combination of emotions that 
happens to be examined. In those cases in which raw data are provided, it is 
not always clear what categorization criteria should be used either. 
Table 3.6 Comparison of the results on pitch level, pitch range, loudness, and tempo for ten emotions. The numbers in parentheses refer to the studies included in 
Table 3.7. 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Pitch level 
Present 
study 
_ 
-
+ 
-
+ 
+ 
+ 
— 
+ 
+ 
Other 
studies 
± ( 1 0 ) 
- (7,11) 
+ (11) 
? 
? 
+ (2,5,6,8,9,11) 
+ (4,10) 
±(5a) 
- (5b) 
- (4,5a) 
± ( 9 ) 
- (2,4,6,7,8,10) 
+ (2,4) 
± (5a,10) 
Pitch range 
Present 
study 
_ 
± 
+ 
-
+ 
+ 
± 
+ 
— 
+ 
Other 
studies 
- (10) 
- (10 
+ (5,ll) 
? 
+ (11) 
+ (5,11) 
+ (4,10,11) 
- (5,11) 
+ (4) 
- (5) 
- (4,11) 
±(10) 
+ (4,10) 
Loudness 
Present 
study 
± 
+ 
+ 
-
± 
+ 
± 
+ 
-
+ 
Other 
studies 
? 
±(7) 
? 
7 
7 
+ (2,6 
? 
? 
- (2,6,7) 
+ (1.2) 
Tempo 
Present 
study 
± 
-
± 
-
+ 
+ 
+ 
-
-
+ 
Other 
studies 
+ (10) 
- (Π) 
+ (11) 
? 
+ (11) 
+ (2,11) 
+ (3,10,11) 
- (3) 
- (2,3.10,11) 
+ (1,2,3,10,11) 
Note. 5 — Hungarian, German, English, French, 5a = Hungarian, 5b = German, English, French 
+ = high, wide, loud, fast, ± = mid, - = low, narrow, soft, slow 
u> 
Table 3 7 Survey of studies on the characteristics of vocal expressions of emotion 
Number Study Encoders Induction Speech sample Emotions Language Description 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Bortz, 1966 
Davitz, 1964b 
Fairbanks &. 
Hoaglin, 1941 
Fairbanks & 
Pronovost, 1939 
Fónagy & 
Magdics, 1963 
Huttar, 1968 
Kaiser, 1962 
Sedlácek & 
Sychra, 1963 
Skinner, 1935 
Williams & 
Stevens, 1972 
Scherer, 1974 
S males 
·> 
6 males 
(actors) 
6 males 
(actors) 
7 
1 male 
3 males and 
7 females 
23 females 
(actrices) 
9 males and 
10 females 
(drama students) 
3 males 
(actors) 
simulation 
simulation 
simulation 
simulation 
simulation/ 
spontaneous 
spontaneous 
simulation 
mood induction/ 
simulation 
mood induction 
playacting 
nonsense word 
standard passage 
standard passage 
standard passage 
excerpts from 
conversations, 
theaterplays, etc 
selected 
utterances 
"a", "o", "e" 
standard sentence 
"ah" 
standard passage 
synthesized tone 
sequences 
anger, neutral 
joy, sadness, 
anger 
fear, contempt, 
sadness, anger 
fear, contempt, 
sadness, anger 
surprise, joy, fear, 
contempt, anger 
joy, fear, sadness, 
anger 
disgust, sadness 
joy, fear, 
sadness 
joy, sadness 
fear, sadness, 
anger, neutral 
disgust, surprise, 
interest, joy, fear, 
sadness, anger 
German 
Am English 
Am English 
Am English 
Hungarian, 
German, 
English, 
French 
Am English 
Dutch 
Czech 
Am English 
Am English 
instrumental 
perceptual 
instrumental 
instrumental 
perceptual 
instrumental/ 
perceptual 
instrumental 
instrumental 
instrumental 
instrumental 
instrumental 
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In Table 3.6 the results of the present study, obtained by means of the 
categorization procedure mentioned above, and those available from other 
studies, either taken verbatim from the original study or categorized accor-
ding to our own views, are presented with regard to pitch level, pitch range, 
loudness (or vocal effort), and tempo. In view of differences in experimental 
design, a brief summary of the characteristics of the studies from which 
results have been used is given in Table 3.7. In this table only those emotions 
are presented which coincide with the ones investigated in the present study. 
It appears from Table 3.6 that researchers have concentrated on gathering 
information on the characteristics of only a few emotions, namely joy, fear, 
sadness, and anger. Neutral, disgust, surprise, shame, interest, and contempt 
have hardly been looked at. Neutral occupies a special position in this 
respect. It has been included in studies fairly often, but mostly to function as 
a point of reference for the other - emotional - categories examined; its 
characteristics are rarely explicitly reported. 
There is, however, another type of research in which neutral speech has 
been considered, not in contrast with other - emotional - categories indivi-
dually, but rather in contrast with them as a group, i.e., in the sense of 
non-emotional versus emotional. This type of research aims at determining 
the vocal characteristics of speech produced in a situation of stress, i.e., a 
situation in which the balance of the organism has been upset by some kind 
of disturbing event. Stress has been shown to involve a series of physiological 
and behavioural changes, characterized by some degree of activation or 
emotional tension, which prepare the organism for an appropriate response. 
Scherer (1981a) summarizes the findings of empirical studies on vocal 
correlates of stress, both in real-life situations and in a laboratory setting. He 
concludes that "the vocal parameters which seem most likely to qualify as 
indicators of stress are [an increase in] fundamental frequency and energy 
concentration between 500 and 1000 Hz, possibly due to tense voice" (p. 
179). From this it may be inferred that "non-stressed" or neutral speech is 
characterized by a relatively low fundamental frequency and great laryngeal 
laxness. These outcomes agree with ours (see Table 3.4). Scherer explains the 
characteristics of stress - very cautiously - as a result of increased subglottal 
pressure, higher medial compression, and tension of the vocal folds, pheno-
mena which in their turn would result from the deepening of respiration, the 
delation of the bronchi, and the increase in muscle tone under stress. 
Going back to Table 3.6, it may be seen that there are not enough data on the 
characteristics of shame and interest to allow any statement as to possible 
cross-cultural differences or similarities. The findings for the other emotions 
agree fairly well, except for sadness, which was found to have a high pitch 
level in the present study whereas in all other studies to date it was found to 
have a low or intermediate pitch level. We have no explanation for this 
discrepancy. 
In general, the degree of convergence of the results may look quite impres-
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sive, especially if one considers the differences in experimental setup of the 
studies from which they stem and the lack of criteria for, and therefore the 
probable inconsistency of, the categorization. If, however, one takes into 
account the fact that the research carried out to date pertains to few and 
rather closely connected cultures, only some European languages being 
represented, and the fact that only a restricted number of discrete emotions 
have been more or less systematically studied, it is clear that much more 
descriptive research needs to be conducted in many more cultures and with 
regard to many more emotions before more definite statements as to the 
universality of vocal patterns of emotion can be made. Especially descrip-
tions of emotional utterances coming from "auditorily isolated" cultures, 
i.e., cultures with few opportunities to hear Westerners speak, would be very 
informative. Also, the need for detailed descriptions covering a wide range of 
parameters, preferably reported numerically and not verbally, cannot be 
stressed enough. 
The importance of the latter remark may be illustrated with an example. 
On the basis of the data with respect to the four parameters presented in 
Table 3.6 it would not be possible to differentiate between the vocal patterns 
of joy and anger: Both are characterized by a high pitch level, a wide pitch 
range, a loud voice, and a fast tempo. Now it could be hypothesized that -
fairly excessive - expressions of joy and anger are highly similar. This could 
mean that their discrimination would rely very heavily on information 
provided via the verbal channel and on extralinguistic sources of information 
such as the situational context and the facial expression and posture of the 
speaker. This hypothesis can be tested by inspecting the results of recognition 
experiments in which the emotional expressions are carried by standard 
speech material and in which no extralinguistic information is available. If 
the expressions of joy and anger do indeed hardly differ, subjects will have a 
hard time keeping them apart, which will result in a great number of mutual 
confusions. And indeed, confusions between joy and anger have occasionally 
been reported, cross-culturally (Albas, McCluskey, & Albas, 1976) as well as 
intra-culturally (Dimitrovsky, 1964). However, the confusions are not fre-
quent enough to warrant the conclusion of a complete absence of any 
differences. 
It could be that one or more of the four parameters presented in Table 3.6 
do contain information which allows the listener to differentiate expressions 
of joy from expressions of anger, but that the three categories distinguished 
(high, mid, low, etc.) are too broad to reveal where the differences lie. There 
may be slight but consistent differences in pitch level, for example. (The data 
presented in Table 3.4 seem, indeed, to point in this direction.) Of course, 
these differences only show up in a detailed report, preferably numerical, of 
the data. 
Another possibility, which does not exclude the preceding one, is that 
expressions of joy and anger differ with respect to some parameter(s) which is 
(are) not commonly examined. For our own material it appears, for example, 
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that joy tends to be characterized by lip spreading, while anger is not. These 
and other data are bound to remain undetected unless comprehensive and 
detailed descriptions are available, preferably based on a well-documented 
system such as the one developed by Laver. The use of a standard system 
would also greatly enhance the comparability of the descriptive findings, and 
stimulate research. This has been demonstrated by the impetus given to the 
study of facial expressions of emotion by the recent development of compre-
hensive facial measurement techniques, such as Ekman and Friesen's FACS 
(Facial Action Coding System) (1978). Of course, acoustic descriptions may 
be very useful too. Acoustic measures have the advantage of being objective 
and well-definable. However, the value of acoustic data largely depends on 
what is known about their relationship to perception or physiology. This 
problem will be treated in more detail in Chapter 5. 

CHAPTER 4 
Relative importance of perceptual 
parameters and the characteristics of 
emotional dimensions 
4.1 INTRODUCTION 
In Chapter 3 the results were reported of a number of analyses of variance 
and a posteriori contrast tests based on the auditory ratings of 160 emotional 
utterances. From these it appeared that at least twelve vocal parameters may 
be relevant to distinguishing the ten emotional categories examined. This 
assumption seems even more plausible as in general the correlations between 
the ratings on the different parameters were not very high. It is not likely, 
however, that all parameters would be equally important, nor is it necessarily 
true that the four parameters on which most knowledge has been gathered to 
date, namely pitch level, pitch range, tempo, and loudness, are also the most 
important ones for communicating emotional meaning. 
In the present chapter an attempt will be made to establish the relative 
importance and specific contributions of the twelve vocal parameters to the -
statistical - discrimination among the ten emotions under study by exami-
ning the outcomes of a multiple discriminant analysis (Cooley & Lohnes, 
1971). In view of the nature and the possibilities of the analysis used emphasis 
will not be so much on the contribution of the various parameters to the 
identification of individual emotional categories, but rather on their contri-
bution to dimensions of emotional meaning. 
Little research has been conducted into the relative importance of different 
vocal features for the discrimination among vocal expressions of emotion. A 
few researchers have tried to gain insight into the problem by comparing the 
recognition of unprocessed emotional utterances with the recognition of the 
same stimuli but with part of the acoustic information removed. This ap-
proach was adopted by Lieberman and Michaels (1962), Pollack, Ruben-
stein, and Horowitz (1960), and Ross, Duffy, Cooker, and Sargeant (1973). 
Lieberman and Michaels (1962) derived pitch and amplitude information 
from simulated vocal expressions of boredom, confidence, disbelief or 
doubt, fear, happiness, a question, an objective statement, and a pompous 
statement, produced by three adult males, and used that information to 
control a fixed-vowel synthesizer. The aim of the study was to examine the 
relative contributions of amplitude (an acoustic correlate of perceived 
loudness) and pitch1 on emotion recognition. The stimuli were presented in 
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six different versions, one non-manipulated and five manipulated, to sepa-
rate groups of subjects for identification. 
It appeared that with the non-manipulated speech the emotional and 
attitudinal (or syntactic) categories were correctly identified 85% of the time. 
With only pitch and amplitude information (articulatory and voice quality 
information removed) recognition dropped to 47%. With only pitch infor-
mation there was a slight additional drop of 3%. Retaining amplitude 
information, but smoothing the pitch curve with a 40 ms-time constant 
reduced the recognition rate to 58%, and 100 ms smoothing to 25%. A 120 
Mz monotone with amplitude information resulted in 14% correct res-
ponses, a score which still exceeded chance expectancy at a level of signifi-
cance beyond 1%. 
These outcomes suggest that articulatory and voice quality information 
plus - and perhaps most importantly - the transition from speech to remotely 
speech-like stimuli, gross pitch movements (including pitch range), small 
pitch variations, and amplitude contributed to the transmission of emotional 
and attitudinal meaning in that order. It may also be concluded that a great 
deal of acoustic information can be removed before recognition rate drops 
below chance. A final finding worth mentioning is that not all categories 
examined depended on the various acoustic parameters to the same degree: 
The identification of the category question, for example, depended strongly 
on pitch information (final rise?), whereas the category boredom was highly 
resistant to confusions under all conditions (because the boredom expres-
sions had little pitch and amplitude variation to start with?). 
The finding that fairly high levels of recognition may be achieved with 
sharply reduced acoustical information is confirmed in the results of a study 
conducted by Pollack, Rubenstein, and Horowitz (1960), who compared the 
recognition of simulated expressions in normal and whispered (i.e., practi-
cally non-periodic) speech under varying S/N ratios, and a study by Ross, 
Duffy, Cooker, and Sargeant (1973), who compared recognition of simula-
ted emotional expressions in their original form and several filtered condi-
tions. However, the way in which these studies have been designed does not 
permit any statements as to the relative importance of the various cues 
examined. 
Scherer, Koivumaki, and Rosenthal (1972) presented vocal expressions of 
emotion taken from a recorded version of a play to be rated on twenty 
semantic differential scales representing the three major dimensions of mea-
ning found by Osgood, Suci, and Tannenbaum (1957), i.e., activity, evalua-
tion, and potency. The expressions were offered in four different conditions. 
In one condition the samples were in their original form; in the other three 
they were content masked by means of lowpass filtering (cut-off frequency 
650 Hz), random splicing, and a combination of both techniques. The mean 
correlation (averaged over the twenty rating variables) between the ratings of 
the non-manipulated samples and the spliced-plus-filtered samples was as 
high as .91. From these findings Scherer et al. conclude that those - few - cues 
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that remain largely unaffected by both filtering and splicing, i.e., pitch level 
and pitch range, loudness level and loudness range, and rate of articulation 
constitute all, or at least an important part, of the minimal set of vocal cues 
communicating basic emotional meaning and that sequential speech varia-
bles (such as pitch contour, rhythm, and pauses) and formant cues are of 
minor importance. 
More insightful is the study by Scherer and Oshinsky (1977). They synthe-
sized tone sequences in which amplitude range, pitch level, pitch contour, 
pitch range, tempo, envelope (different attack/decay ratios, round envelope 
being comparable to drawl or slurred speech and sharp envelope to clipped 
speech), and cut-off point (number of harmonics filtered out, few harmonics 
being closer to resonant voice and many harmonics being closer to blaring or 
shrill voice) were independently varied. The stimuli were rated on three 
semantic differential scales, namely, active/passive, pleasant/unpleasant, 
and strong/weak. The results of a multiple regression analysis showed that 
about two-thirds to three-quarters of the variance in the semantic differential 
ratings could be accounted for by the manipulations of the acoustic parame-
ters, and that a linear model of the judges' cue utilization seemed to be a 
reasonably good approximation of their response system. On the whole, 
tempo appeared to be the most powerful predictor: It accounted for 31% of 
the variance compared to 14% for the number of harmonics, and between 3% 
and 5% for the remaining acoustic parameters (except for amplitude range: 
less than 1%). However, the rank order differed for each of the three scales. 
Bortz (1966) also conducted a correlational study. He examined the rela-
tionship between fourteen acoustic variables, derived from the output of a 
third octave filter bank, and the ratings on twelve semantic differential 
scales. The data base consisted of the expressions of five different emotions 
with a nonsense word. It appeared that 92% of the variance in the ratings 
could be accounted for by the combined acoustic measures. A canonical 
correlation revealed that the factor intensity was the most powerful predictor 
and the factor rhythm the second most powerful. Both factors correlated 
about equally highly with the activity and evaluative dimensions emerging 
from the ratings. 
From the above survey at least one conclusion may be drawn, namely that 
the vocal cues that are utilized for the inference of emotional meaning or 
ratings on semantic differential scales must be very redundant: Whichever 
(groups of) cues are removed, the attribution of emotional meaning almost 
always remains possible. The question of the relative importance of (sets of) 
cues, however, is far from being resolved, almost every study yielding diffe-
rent results, probably also as a consequence of the use of widely varying 
research methodologies and speech samples. Thus, obviously more studies 
on the relative importance of vocal cues are badly needed. 
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4.2 METHOD 
4.2.1 Input data 
The input to the discriminant program (SPSS program DISCRIMINANT 
[Klecka, 1975]) were the ratings averaged over 6 raters for each of 160 
emotional utterances on each of 12 vocal parameters. The 12 parameters 
were lip spreading, laryngeal tension, laryngeal laxness, creak, tremu-
lousness, whisper, harshness, pitch level, pitch range, loudness, tempo, and 
precision of articulation. The 160 utterances consisted of 8 speakers (4 males 
and 4 females) X 2 phrases (twee maanden zwanger and zo'n grote Ameri­
kaanse auto) Χ 10 emotions (neutral [NE], disgust [DI], surprise [SU], shame 
[SH], intere.st[IN], joy [JO], fear [FE], contempt [CO], sadness [SA], and 
anger [AN]). (For a detailed description of the rating procedure, see Chapter 
3; for a detailed description of the speech material, see Chapter 2.) 
4.2.2 Analysis1 
The ultimate statistical goal of multiple discriminant analysis is to optimally 
separate groups of cases (in the present study: ten emotional categories each 
comprising sixteen utterances) by forming one or more linear and weighted 
combinations of discriminating - or rather potentially discriminating - varia­
bles which measure characteristics on which the groups are expected to differ 
(in the present study: twelve vocal parameters). The first discriminant func­
tion is that single weighted composite that provides maximum average 
separation between the groups relative to the variability within the groups. 
The second discriminant function is that weighted composite which of all 
possible weighted composites uncorrelated with the first provides maximum 
average separation between the groups, and so on. The maximum number of 
potential discriminant functions is equal to the number of discriminating 
variables or to one less than the number of groups, whichever is smaller. 
Standarized discriminating functions are of the form: 
D, = dlXZx + 4 2 z 2 + . . . + dipZp (1) 
where Dl is the score on discriminant function ƒ, the ifs are weighting 
coefficients (or standardized discriminant function weights) and the Z's are 
the standardized values of the ρ discriminating variables used in the analysis. 
Thus, the discriminant score is computed by multiplying each discriminating 
variable by its corresponding coefficient and adding together the products. 
There will be a separate score for each case on each function. For a single 
group, the means on all functions are referred to as the group centroid, which 
is the most typical location of a case from that group in the discriminant 
function space. A comparison of the group means on each function indicates 
how far apart the groups are along that dimension. The adequacy of the 
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discriminant functions may be tested by having the cases classified that were 
used to derive the functions in the first place and comparing predicted group 
membership with actual group membership. 
4.3 RESULTS 
First, we will present the optimal set of discriminating variables as it appea­
red from a number of step-wise procedures. Next, we will examine the 
contributions of the various parameters to separating the emotional catego­
ries by inspecting the composition of the functions extracted, and specifically 
the standardized weights. Further insight into the functions will be gained by 
examining the locations of the group centroids in the discriminant space. 
Finally, the relations among the emotions will also be approached by means 
of a hierarchical cluster analysis carried out on the classification results. 
A direct test of the homogeneity of group dispersions, a condition that the 
data must formally fulfill in order to be amenable to multiple discriminant 
analysis, was made by using a generalized test of homogeneity of variance. 
This analysis tests the differences in dispersion between groups using what is 
commonly referred to as Box's HI statistic. The result obtained for this test 
using all twelve parameters was M = 1802, /'(546,16281.6) = 2.1 Ь,р<Л 1. For 
the lower ordered variable solutions Box's H1 was significant at the 1% level 
also. From these outcomes it may be inferred that our data do not satisfy the 
condition of homogeneous group dispersions. However, in practice, multiple 
discriminant analysis is a very robust technique, and this assumption need 
not be strongly adhered to (Klecka, 1975, p. 435, note 2). Therefore, we will 
now proceed, be it with caution, to the presentation of the actual results. 
4.3.1 Classification 
One way of obtaining an estimate of the relative importance of the different 
parameters for separating the emotional categories is to use a step-wise 
procedure, i.e., a method in which the discriminating variables are selected 
for entry into the analysis on the basis of their discriminating power. The 
rationale behind choosing a step-wise selection method instead of the direct 
method, in which all variables are entered into the analysis concurrently, is 
that in many cases the full set of discriminating variables contains redundant 
information about the differences among the groups; thus, it is often possible 
to find a reduced set of variables which is almost as good as, and sometimes 
even better than, the full set. 
The step-wise procedure may be described as follows: At the first step the 
single most powerful variable is chosen, according to a pre-established 
selection criterion. This initial variable is then paired with each of the other 
variables. The variable that in combination with the initial variable produces 
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the best criterion value is the second to enter the analysis. This process 
continues till all variables have been entered, or until no additional variables 
provide a minimum level of improvement. Cut-off values may be specified to 
limit the number of variables to be inserted. 
We will present the results of six step-wise analysis runs: One in which the 
discrimination was based on the one, two, three, four, and five most powerful 
variables, and one in which the full set of twelve discriminating variables was 
inserted. The results of the six, seven, eight, nine, ten, and eleven variable 
solutions were all very similar to those of the five and twelve variable 
solutions, and will therefore not be presented. 
Table 4.1 summarizes part of the results of the analyses, namely for each 
analysis run the number of utterances per group that were classified correct­
ly, the total number of utterances assigned to each group, and the percent­
ages of variance explained by the discriminating functions. In the one, two, 
and three variable solutions the maximum number of functions has been 
derived equaling the number of discriminating variables; in the higher orde­
red solutions only the first three functions have been retained. This has 
Table 4.1 Number of emotional utterances correctly classified (maximum score = 16) and 
assigned to each group (in parentheses) in six discriminant analysis runs with an increasing 
number of perceptually based discriminating variables. Order of insertion: loudness, laryngeal 
laxness, pitch level, pitch range, laryngeal tension, harshness, tempo, creak, tremulousness, lip 
spreading, precision of articulation, whisper 
Number of variables 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempi 
Sadness 
Anger 
Mean (in %) 
% variance 
accounted 
for by 
Function I 
Function II 
Function III 
Total of three 
functions 
1 
10(19) 
1(10) 
2(19) 
14 (25) 
К 7) 
5(20) 
0 ( 0 ) 
4(20) 
3(21) 
11(19) 
32 
100 
-
-
100 
2 
12 (20) 
5(23) 
2(19) 
8 ( 9 ) 
7(17) 
5(20) 
2 ( 6 ) 
К 1) 
8(26) 
11(19) 
38 
70 
30 
-
100 
3 
12(19) 
7(13) 
2(16) 
9(10) 
9(17) 
12 (22) 
6(12) 
4(11) 
9(24) 
13(16) 
52 
55 
27 
18 
100 
4 
13(18) 
7(17) 
8(13) 
9(10) 
10(15) 
12 (24) 
10 (20) 
2 ( 9) 
9(18) 
12(17) 
58 
52 
22 
18 
92 
5 
15 (20) 
8(17) 
7(17) 
10(11) 
13(19) 
6(13) 
12(18) 
5 ( 9) 
10(17) 
12 (19) 
61 
48 
24 
17 
89 
12 
16 (20) 
9(17) 
6(15) 
11(13) 
14(18) 
7(16) 
10(16) 
5 ( 9) 
10(17) 
12(19) 
62 
41 
22 
18 
81 
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mainly been done because the fourth and further functions, in addition to 
adding only a relatively small percentage of explained variance, proved to be 
impossible to interpret, a finding which is commonly reported in the litera-
ture (cf. Cooley & Lohnes, 1971, p. 244). 
Table 4.1 clearly shows that from the one variable solution up to the four 
variable solution there is a considerable and consistent progression in the 
overall percentage of correctly classified utterances when discriminating 
variables are added. However, a binomial estimate of probability revealed 
that even the 31 % obtained in the one variable solution is far beyond chance 
(p<.0l). From the five variable solution on, adding more variables does not 
seem to make much of a difference in terms of overall accuracy. This means 
that on the whole loudness, laryngeal laxness, pitch level, pitch range, and 
laryngeal tension succeed in separating the utterances belonging to the' 
various emotional categories virtually just as well as the complete set of 
twelve variables. 
It may also be seen from Table 4.1 that the total number of utterances that 
are - justly or unjustly - assigned to each group (indicated in parentheses) is 
rather variable: Surprise and anger are the only two groups that receive fairly 
regularly in all six solutions approximately the sixteen utterances that one 
would expect; the number of utterances assigned to disgust, shame, interest, 
joy, fear, and contempt varies drastically from one analysis run to the other, 
whereas neutral and sadness consistently receive more than their due share. 
The total number of utterances assigned to a group should really be taken 
into account when examining the numbers of correct assignments. 
A closer look at the data presented in Table 4.1 reveals that in the one 
variable solution, i.e., with loudness as the sole discriminating variable, 
expressions of shame and anger, and to a lesser degree those of neutral, are 
classified remarkably well, even if one takes the positive response biases into 
account (cf. the values given in parentheses). Inspection of the mean scores 
and standard deviations given in Table 3.4 may help to clarify this outcome. 
It appears that the mean loudness scores for shame and anger are respectively 
by far the lowest and by far the highest of all categories, with a moderate 
standard deviation. The mean for neutral is less extreme but then the 
standard deviation is exceptionally small. These data explain why, only on 
the basis of loudness information, these three categories have been so easy to 
separate from the rest. 
The insertion of laryngeal laxness in the two variable solution makes no or 
little difference for the classification of neutral, surprise, joy, fear, contempt, 
and anger expressions. However, almost half of the utterances that were 
justly assigned to shame in the one variable solution have now been removed 
to be unjustly assigned to other categories: three to neutral, two to sadness, 
and one to interest. On the other hand, it may be observed that it is not only 
the number of correctly classified shame utterances that has dropped consi-
derably, but also the number of utterances that previously were incorrectly 
grouped with shame. The classification of disgust, interest, and sadness 
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utterances may be seen to have been affected by the insertion of laryngeal 
laxness in a positive way (note, however, the simultaneous increase in the 
total number of utterances assigned to these categories). 
The insertion of pitch level in the three variable solution has a positive 
effect on the categorization of all categories (except neutral), but especially 
on that of joy and fear. The data in Table 3.4 reveal that these two emotions 
had the highest mean pitch levels of all categories, with a medium standard 
deviation. 
The most striking effect of the insertion of pitch range in the four variable 
solution is that it enhances considerably the number of correctly classified 
surprise utterances. This is by no means surprising, since the mean pitch 
range score for this emotion lies far beyond the scores obtained for the others 
(Table 3.4). 
Although the insertion of the fifth variable, that is, laryngeal tension, 
hardly affects the overall correct classification, its effect on the number of 
utterances that are - correctly or incorrectly - assigned to the category joy is 
quite dramatic. In the four variable solution the group of presumed joy 
utterances is a somewhat broad and fuzzy amalgam of emotions, the number 
of which is almost reduced to half by the introduction of laryngeal tension in 
the five variable solution. From the eleven utterances taken away from joy 
there are six that were correctly classified; three of these are now confused 
with anger, two with surprise, and one with interest. 
As was stated above, the insertion of the higher ordered variables, i.e., 
harshness, tempo, creak, tremulousness, lip spreading, precision of articula-
tion, and whisper, has only a minor effect on the classification results, not 
only with respect to overall accuracy but also with respect to the correct 
classification of the representatives of individual groups, and will therefore 
not be further gone into. 
4.3.2 Dimensions 
As well as by examining the outcomes of the various step-wise analysis runs, 
insight into the relative importance of the various parameters may also be 
gained by looking at the standardized discriminant function weights (the if s 
in the formula given above) in the twelve variable solution. When their sign is 
ignored, each coefficient represents the relative contribution of its associated 
variable to that function. The sign merely denotes whether the variable 
makes a positive or a negative contribution. Of course, since the functions 
are arranged in order of decreasing importance, a given contribution to the 
third function is not as important in terms of its effect on overall separation 
as the same contribution to the first function. As in factor analysis, the 
coefficients may be used to name the functions by identifying the dominant 
characteristics they measure. In Table 4.2 the standardized weights for the 
first three functions extracted from the analysis run with the full set of twelve 
discriminating variables are presented. 
47 
Table 4.2 Discriminant analysis with twelve perceptually based discriminating variables: Stan-
dardized discriminant function weights for the first three functions extracted 
Pitch level 
Pitch range 
Loudness 
Tempo 
Precision of articulation 
Lip spreading 
Laryngeal tension 
Laryngeal laxness 
Creak 
Tremulousness 
Whisper 
Harshness 
Functions 
1 
-0.20 
0.52 
0.40 
0.04 
-0.15 
0.14 
0.75 
-0.26 
-0.12 
0.08 
-0.01 
-0.44 
2 
0.09 
0.30 
0.70 
0.20 
0.22 
-0.08 
-0.67 
0.50 
-0.23 
-0.20 
0.20 
0.22 
3 
1.04 
0.11 
-0.37 
0.37 
-0.02 
0.02 
-0.43 
-0.02 
0.12 
0.18 
0.04 
0.63 
It may be seen from Table 4.2 that the first function is characterized by a 
high positive contribution of laryngeal tension, fairly high positive contribu-
tions of pitch range and loudness, and a fairly high negative contribution of 
harshness. The second function appears to have a high positive contribution 
of loudness, a high negative contribution of laryngeal tension, and a fairly 
high positive contribution of laryngeal laxness. The third function has a very 
high positive contribution of pitch level, a high positive contribution of 
harshness, and a fairly high negative contribution of laryngeal tension. 
Thus, it appears that the composition of the various functions may be 
largely described in terms of different combinations of loudness, laryngeal 
tension, laryngeal laxness, and harshness, complemented with positive 
contributions of pitch range and pitch level. The other variables, namely, 
tempo, precision of articulation, lip spreading, creak, tremulousness, and 
whisper, hardly play a role in the formation of any of the three functions. 
These findings largely corroborate the outcomes obtained with the various 
step-wise analysis runs given above, where loudness, laryngeal laxness, pitch 
level, pitch range, and laryngeal tension also appeared to be the best set of 
discriminating variables. However, the contribution of harshness to the 
functions appears to be more considerable than one would have expected on 
the basis of its sixth rank order position in the insertion of variables in the 
step-wise procedure. 
The fact that several variables contribute substantially to more than one 
function, the fact that a number of variables that correlate positively with 
each other, such as loudness and laryngeal tension (see Table 3.3), sometimes 
make opposite contributions, and the fact that, except for pitch level with 
respect to the third function, the relative heights of the contributions of the 
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different variables are not very far apart, make it difficult to interpret the 
functions and give them a name. 
The First function, which is mainly characterized by positive contributions 
of laryngeal tension and pitch range, suggests an interpretation in terms of 
level of activity. The second function could be related to activity as well, 
although the about equally high but opposite contributions of loudness and 
laryngeal tension are somewhat confusing in this respect. It is not implausi-
ble that the third function, with its dominant positive contribution of pitch 
level, may also have something to do with activity. Thus, the contributions of 
the variables to the functions suggest that all three may be interpreted in 
terms of different kinds of activity. 
An alternative approach to interpreting and naming the functions is to study 
the values of the group means, i.e., the projections of the group centroids on 
the dimensions in the discriminant space. The discriminant space spanned by 
the first and second dimensions is depicted graphically in Figure 4.1; in 
Figure 4.2 the space spanned by the first and third dimensions is shown. 
The positions of the different emotions on the first dimension presented in 
Figure 4.1 clearly suggest that this dimension be called an activity dimension, 
shame, neutral, and sadness, the three emotions situated on the left, being the 
most passive emotions, and surprise and anger, situated on the right, being 
the most active ones. Thus, the impression formed on the basis of the 
contributions of the variables to this dimension is confirmed. 
The second dimension presented in Figure 4.1 extends from sadness and 
1 
<\l 
| 
5 
. . . . 
mrc 
m SM 
' ' 
• Sfl 
' ' 
MIN 
. . . 
mat 
MFC 
. 
m su 
UJO 
• 
Dimension 1 
Figure 4.1 Positions often emotions along the first and second dimensions resulting from a dis-
criminant analysis based on the perceptual ratings for twelve vocal parameters 
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Figure 4 2 Positions of ten emotions along the first and third dimensions resulting from a 
discriminant analysis based on the perceptual ratings for twelve vocal parameters 
fear at the one extreme via contempt and anger in the middle to neutral at the 
other extreme. This dimension, which was more difficult than the first to 
interpret in terms of the weightings of the variables, is not easy to interpret in 
terms of a rank ordering of the emotions either If it were not for the extreme 
position of neutral and the central position of anger, it could be interpreted 
as an evaluative dimension, having "bad" emotions like sadness and fear at 
one end and the "good" emotions of joy and interest at the other For this 
dimension we should perhaps refrain from giving a semantic interpretation 
and content ourselves with stating that it runs from tense and soft to lax and 
loud. 
The third dimension, presented in Figure 4.2, with disgust and contempt at 
the one extreme, shame in the middle, and interest, joy, and fear at the other 
extreme, we did not succeed in giving a semantic interpretation either; its 
dominant characteristic is, in any case, pitch level. 
4 3 3 Confusions 
In a final attempt to gain insight into the relationships among the emotions 
under study we decided to examine the classification results of the discrimi­
nant analysis based on the total set of twelve parameters and, more specifi­
cally, to have a closer look at the confusions that were made. The 
classification results are presented in Table 4 3 in the form of a confusion 
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Table 4.3 Classification results of a discriminant analysis with twelve perceptually based 
discriminating variables Order of insertion, loudness, laryngeal laxness, pitch level, pitch range, 
laryngeal tension, harshness, tempo, creak, tremulousness, lip spreading, precision of articulati-
on, whisper Maximum score = 16 
Actual group 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Predicted group membership 
NE 
16 
0 
0 
2 
0 
0 
0 
2 
0 
0 
DI 
0 
9 
0 
0 
0 
0 
0 
4 
3 
I 
su 
0 
1 
6 
0 
0 
4 
0 
2 
0 
2 
SH 
0 
1 
0 
11 
0 
0 
0 
0 
1 
0 
IN 
0 
0 
2 
0 
14 
2 
0 
0 
0 
0 
JO 
0 
0 
5 
0 
1 
7 
3 
0 
0 
0 
FE 
0 
0 
0 
0 
1 
2 
10 
1 
2 
0 
CO 
0 
3 
0 
0 
0 
0 
0 
5 
0 
1 
SA 
0 
1 
0 
3 
0 
0 
3 
0 
10 
0 
AN 
0 
1 
3 
0 
0 
1 
0 
2 
0 
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matrix. On the diagonal the number of correctly classified utterances (corres-
ponding with the last column in Table 4.1) are given for each group:, in the 
off-diagonal cells the confusions may be found. 
The data given in the confusion matrix presented in Table 4.3 make clear 
that not all emotions have been confused with one another equally often. Of 
course, this is what one would expect, since in the discriminant space (see 
Figures 4.1 and 4.2) not all groups lie equally close together. On the basis of 
the raw confusion data, however, it is not easy to detect what exactly the 
patterns of confusions are. A technique which is particularly well suited to 
provide insight into which groups of confused emotions may be distinguis-
hed is hierarchical cluster analysis (Johnson, 1967). Thus, this technique may 
be considered as another means of getting an idea of the distances between 
the emotions under study, and, indirectly, of the structure of the emotional 
space. 
Since hierarchical cluster analysis cannot handle asymmetrical confu-
sions, i.e., cannot deal with cases in which emotion /' is mistaken for emotion./ 
more often than emotion j is mistaken for emotion /, the confusion matrix 
presented in Table 4.3 was first made symmetrical, according to the method 
described by Klein, Plomp, and Pols (1970), before the analysis was carried 
out. 
Hierarchical cluster analysis provides at least two methods for defining 
clusters, one, the so-called minimum or nearest neighbour method, favou-
ring the formation of new clusters and the other, the so-called maximum or 
furthest neighbour method, favouring the addition of elements to clusters 
already formed. Both methods were applied. It appeared that the correlation 
between the distances in the data matrix and the ultrametric distances was 
higher for the maximum method than for the minimum method (.78 and .65, 
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respectively), which means that the former represents the original data better 
than the latter. On the other hand, the structure of the dendrogram resulting 
from the application of the minimum method, consisting of three clearly 
distinguished clusters plus neutral, appeared to be more insightful than the 
structure of the maximum method dendrogram, which suffers from the 
so-called chaining effect, i.e., the phenomenon that new branches keep being 
added to a cluster already formed. 
In Figure 4.3 both dendrograms are given. In these dendrograms the level 
at which emotions are connected is an indication of the strength of their 
relation: The higher in the tree the connection, the more often emotions have 
been confused with one another and the more confusions with particular 
other emotions they have in common. The structure of the minimum method 
dendrogram may be described as follows: The positive (or non-negative) 
emotions of joy, interest, and surprise are grouped together in one cluster; 
the negative emotions are divided over two clusters, one comprehending the 
more active ones, namely, disgust, contempt, and anger, and one compre­
hending the more passive ones, namely, sadness, shame, and, less clearly, 
fear. Neutral constitutes a cluster by itself. Basically, the same clusters are 
found in the maximum method dendrogram; only the emotions of interest 
and shame have changed places. 
4.4 DISCUSSION 
4.4.1 Classification 
An examination of the order in which variables were inserted in a number of 
step-wise analysis runs and inspection of the standardized discriminant 
SUJOtN DI СОЯМ FESRSHME 
u 
ÌJ 
SUJO DICOflM FESRIMSHME 
u 
Figure 4.3 Results of a hierarchical cluster analysis based on the classification matrix of a 
discriminant analysis with twelve perceptual parameters (minimum method at the left, maxi-
mum method at the right) 
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function weights in the twelve variable solution suggested that the best set of 
discriminating variables includes loudness, laryngeal laxness, pitch level, 
pitch range, laryngeal tension, and harshness. With the perceptual scores on 
just the First four of these vocal parameters and three discriminating func-
tions accounting for 92% of the variance, a percentage correct classification 
of 58% was achieved, a percentage which hardly increases if more varables 
are added: With the full set of twelve discriminating variables and three 
discriminant functions accounting for 81% of the variance, 62% of the 
material was classified correctly. 
It is interesting to compare these percentages with the average perfor-
mance of human subjects in recognition experiments (of course, it would 
even be more interesting to compare the number of correct identifications 
obtained by means of the discriminant analysis with the recognition rate of 
human subjects judging the same stimuli. This comparison however, will not 
be presented until Chapter 10). In Table 6.1 a survey of twenty-four recogni-
tion studies is given. The average accuracy across all these studies was 51% 
after correction for chance, a correction which is, of course, necessary if data 
from studies using different numbers of response categories are to be combi-
ned. Thus, it seems that a relatively simple linear procedure like discriminant 
analysis does not need much more than the perceptual scores on some four 
very common parameter scales to rival humans in discriminating perfor-
mance. This applies to a situation in which a single overall score was assigned 
to each utterance. It could be hypothesized that even better discrimination 
would be brought about if we were able to deal with variations in loudness, 
pitch, and tension within an utterance. 
4.4.2 Relative importance of perceptual parameters 
The fact that variables like tremulousness, lip spreading, precision of articu-
lation and whisper hardly contributed to the separation of the emotions -
they were the last variables to be inserted in the step-wise runs and had very 
low weights on the functions in the twelve variable solution - does not 
necessarily mean that they are unimportant for a characterization of vocal 
expressions of emotion. An explanation of the failure of these variables to 
contribute to the discrimination of the emotions in our analysis could be that 
the variables with low contributions to the overall correct classification are 
of a nature that is fundamentally different from features like loudness, 
laryngeal tension, pitch level, and pitch range. It is possible that the latter 
features are used to assign emotional expressions to a not too large number 
of general classes and that features like tremulousness and lip spreading are 
used to discriminate emotions within particular classes. In cases like these, a 
data processing technique which leans entirely on linear combinations of 
variables in the total space is very unlikely to bring to light the contributions 
of variables that behave differently in different subspaces. From this we may 
conclude that it may be ill-advised to use multiple discriminant analysis if 
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some of the discriminating variables only apply to a subset of the groups. As 
a corollary to this conclusion it is clear that one must be very cautious in 
drawing general conclusions as to the importance of perceptual and acousti-
cal features for the discrimination of emotions; they should at least be viewed 
against the background of which emotions were used in a particular study. 
An indication that one has a situation at hand in which a number of 
measurement variables apply to only a subset of the groups might be derived 
from an inspection of the correlation matrix presented in Table 3.3. The least 
effective variables tremulousness, lip spreading, precision of articulation, 
and whisper are virtually uncorrelated with any other variable, whereas the 
effective variables loudness, laxness, pitch level, pitch range, and tension 
show relatively high mutual correlations. This might be indicative of the fact 
that we are dealing with two kinds of variables, one that applies to all groups 
and another, the uncorrelated ones, that applies to some groups. The same 
impression arose from the a posteriori contrast tests reported on in Chapter 
3. According to this line of reasoning it is the fact that the latter variables vary 
only within some groups but not in others that explains the low correlations 
for these variables. 
These findings fit very well into the hierarchy model proposed by Frijda 
(1970). Frijda states that "it is possible to conceive of an «-dimensional 
system of emotional space with further differentation in various regions 
which are specific for and relevant to each region" (p. 247). Frijda speculates 
that this hierarchical ordering may reflect the process of recognizing an 
emotional expression, "placing it in a system of gross distinctions and 
subsequently making finer discriminations" (ibidem). 
4.4.3 Dimensions 
The three functions extracted from the twelve variable solution mainly 
appeared to consist of different linear combinations of loudness, laryngeal 
tension, laryngeal laxness, and harshness, complemented with positive 
contributions of pitch range and pitch level. From this we inferred that all of 
them represent different aspects of a more general activity dimension. Asfar 
as pitch level and pitch range go, this interpretation is in line with previously 
reported characteristics of the activity dimension (Davitz, 1964c; Huttar, 
1968; Scherer & Oshinsky, 1977). As for loudness, in all relevant studies to 
date high positive correlations between this parameter and activity ratings 
have been found (Davitz, 1964c; Huttar, 1968; Scherer, Koivumaki,& Rosen-
thal, 1972). At least with respect to the first two dimensions emerging in the 
present study, these findings also agree with ours. On the other hand, our 
study did not reveal the consistently reported strong, positive relationship 
between activity and tempo (Davitz, 1964c; Huttar, 1968; Scherer et al., 
1972; Scherer & Oshinsky, 1977). 
As for the first dimension, a justification for an interpretation in terms of 
level of activity was found in the locations of the emotions along it, going 
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from shame, neutral, and sadness at the one end to surprise and anger at the 
other. Further justification may be found in the outcomes of previous 
research into the dimensionality of vocal expressions of emotion (Davitz, 
1964c; Green & Cliff, 1975). 
Davitz (1964c) had twenty subjects rate vocal expressions of fourteen 
different emotions on nine scales of the semantic differential, three for each 
of the three dimensions found by Osgood, Suci, and Tannenbaum (1957). If 
we look at the five emotions that the present study and Davitz' study have in 
common, it appears that the relative positions of the emotions on the activity 
dimension that Davitz found correspond fairly well with the rank order of 
the emotions on our first dimension. In both studies anger, joy, surprise, fear, 
and disgust are situated on the positive half of the dimension. 
Green and Cliff (1975) had one speaker express the letters of the alphabet 
with eleven emotions. Seventeen subjects rated the stimuli on seven bipolar 
scales representing four factors, and indicated the similarity between pairs of 
stimuli. The similarity judgments, averaged over judges, were subjected to 
multidimensional scaling, and the ratings on the bipolar scales were factor 
analyzed. A canonical correlation analysis suggested that both operations 
yielded the same two dimensions, an evaluation and an excitement or activity 
dimension. With regard to the latter the locations of the emotions that the 
present study and Green and Cliffs study have in common agree fairly well 
with each other. In both studies, anger, joy, surprise and, to a lesser extent, 
fear are situated towars the active end of the dimension (these results were 
also obtained by Davitz) and sadness towards the passive end of the dimen-
sion. The two studies differ with regard to relative positions of neutral on the 
one hand, and disgust and contempt on the other, neutral being passive in 
our study and central in Green and Cliffs study, disgust and contempt being 
central in our study and passive in Green and Cliffs. 
The second and third dimensions emerging from our study we found more 
difficult to interpret than the first. They do, in any case, not resemble an 
evaluative dimension. 
The fact that our discriminant analysis did not yield an evaluative dimension 
does not come as a surprise to us. Osgood, Suci, and Tannenbaum (1957) 
have shown that the general evaluative dimension which comes out of almost 
any semantic differential experiment as the factor that explains most of the 
variance can be divided into a number of subdimensfons like moral, aestheti-
cal, social, and emotional evaluation when the right bipolar scales are used 
with the right set of objects tobe rated. In our experiment almost all variables 
have some relation to activity, and therefore it is only natural that a number 
of different aspects of activity should emerge. 
In fact, it has proven to be rather difficult to detect vocal features that are 
utilized for the inference of evaluative meaning. Davitz (1964c), forexample, 
who studied the relationship between ratings of timbre, pitch level, loudness, 
and tempo on the one hand and ratings on scales representing among other 
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things the evaluation dimension on the other, did not find any significant 
correlations. Scherer and Oshinsky (1977) did succeed in finding acoustic 
parameters that contributed significantly to the attribution of evaluative 
meaning, namely, fast tempo, few harmonics, large pitch range, sharp enve-
lope, low pitch, pitch contour down, and small amplitude range (listed in 
decreasing order of predictive strength), but then the stimuli consisted of 
synthesized tone sequences for which it is impossible to determine whether 
they were responded to as speech or as music. This makes it also impossible 
to assess whether the evaluative ratings were related to the attribution of 
emotional meaning or to the more aesthetic formal qualities of the stimuli. In 
the latter case the outcomes would not be directly relevant to the topic of the 
present chapter. 
Not only has it proven hard to pinpoint the vocal characteristics of the 
evaluation dimension, we even wonder if the previous labeling of particular 
dimensions in terms of evaluative meaning has always been right. It does not 
seem legitimate, for example, to interpret a dimension that combines joy, 
anger, and contempt at one extreme, as was the case in the Green and Cliff 
(1975) study, as an evaluative one. A comparable remark is in order for 
Dawes and Kramer's (1966) study, where an interpetation as evaluative of 
the sole dimension extracted would force us to accept sadness as a pleasant 
emotion. The pressure to try and find an evaluative dimension is perhaps a 
result of a misinterpretation of the results from Osgood et al. (1957) who 
consistently found such a dimension but using rating scales that were bound 
to lead to such a result. 
We would finally like to comment on the outcomes of the hierarchical cluster 
analysis carried out on the classification matrix resulting from the discrimi-
nant analysis with the full set of variables. From this cluster analysis two 
dendrograms resulted, one of which - unfortunately the one which corres-
ponded less well with the distances in the original data matrix - yielded a 
structure which corresponds very well with what one would intuitively 
expect, namely one cluster that consists of just neutral, and three clusters 
comprising the three positive, or at least non-negative emotions of interest 
joy, and surprise, the three passive negative emotions of shame, sadness, and, 
somewhat less clearly, fear, and the three active negative emotions of disgust, 
contempt, and anger, respectively. Thus, by using a technique that yields 
results in the form of groups of emotions rather than in terms of the relative 
positions of the emotions along dimensions, it does appear possible to obtain 
an intuitively plausible structure of the emotions studied, encompassing a 
positive/negative distinction. This could be taken as an indication that the 
relationships among the emotions within the groups are more stable than the 
relationships between the groups of emotions. 
Just as we had remarked above in connection with the number of correct 
classifications, it would, of course, also be interesting to compare the way in 
which the emotional utterances were classified in the discriminant analysis 
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with the classificatory behaviour of human subjects. It would, in other 
words, be interesting to assess to what extent the relationships among the 
emotions as they emerged in the present chapter from a consideration of the 
three dimensional space depicted in Figures 4.1 and 4.2 and from an exami­
nation of the dendrograms given in Figure 4.3 correspond with the relations­
hips among the emotions as they appear from a recognition experiment in 
which the subjects are confronted with basically the same task, namely that 
of assigning each utterance to one of the ten categories examined. This topic 
will also be dealt with in Chapter 10. 
NOTES 
1. It would be more correct to use "fundamental frequency" or "Рц" rather than "pitch" for 
the acoustic parameter. However, pitch, the term for the perceptual representation of F0, has 
been used throughout the chapter since it makes for easier reading. 
2 The description of the principles of discriminant analysis given in this chapter is largely 
based on the information provided in Chapter 23 of the SPSS manual (Klecka, 1975). 
CHAPTER 5 
Acoustic correlates of perceptual 
parameters 
5.1 INTRODUCTION 
In Chapter 3 a description was given of the ten emotional categories under 
study in terms of global perceptual ratings on twelve vocal parameter scales. 
Not much is known about the physical cues on which such ratings are based. 
This lack of knowledge is one of the great obstacles (for other complicating 
factors, see Section 3.4.4) to the integration of findings from different studies 
on the vocal characteristics of emotion, and we therefore think that the 
search for objective, physical measures to describe global characteristics of 
running speech deserves more attention than it has hitherto received. If it is 
possible to find acoustic measures, or combinations of them, which correlate 
highly with auditory ratings of particular relevant vocal speech characteris-
tics and do so consistently for ratings obtained from different (groups of) 
raters with respect to different speech materials, we consider these measures 
to be meaningful and appropriate for use as standardized tools for describing 
emotional expressions. 
In the present chapter the results will be presented of an attempt to find the 
best possible acoustic correlate, selected each time from a limited number of 
plausible candidates, for perceived tempo, pitch level, pitch range, 
harshness, loudness, laryngeal tension ("tension" from now on), and laryn-
geal laxness ("laxness" from now on). The decision to look for correlates of 
these specific perceptual parameters is partly motivated by the outcomes of 
the discriminant analyses described in Chapter 4: Except for tempo, these 
parameters appeared to constitute the best set of variables for separating the 
ten emotional categories under study. Moreover, this set of variables com-
prises those which in emotion research to date have been considered most 
often. 
In those cases in which we have succeeded in finding a reasonably satisfac-
tory correlate for one of the parameters mentioned, we will also give the 
numerical values for the different emotions. These numerical data will not be 
commented on, nor will they be compared to acoustic data reported in other 
investigations since that would amount to repeating to a great extent what 
has been done in Section 3.4.4. The data will hopefully be of use, however, to 
other researchers who wish to compare their acoustic findings. 
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The structure of this chapter is as follows: In Section 5.2.1 a short description 
will be given of the nature of the perceptual ratings serving as criteria in the 
present chapter. In Sections 5.2.2 to 5.2.4 we will present the acoustic 
measures that we have considered as potential correlates of perceived tempo, 
pitch level, pitch range, harshness, and loudness, tension, and laxness, 
respectively. Then, in Sections 5.3.1 to 5.3.5, the results of the correlations 
between these acoustic measures and their perceptual counterparts will be 
given. On the basis of these results, for each perceptual parameter one 
acoustic correlate will be selected, except for loudness, tension, and laxness, 
which are represented by a composite acoustic measure. In Section 5.3.6 the 
results will be presented of a multiple regression analysis in which all of the 
perceptual parameters are correlated with the complete set of selected acous­
tic measures, and in Section 5.3.7 the outcome will be given of a discriminant 
analysis with the set of eventually retained acoustic measures as discrimina­
ting variables. Finally, in Section 5.4, the findings will be discussed. 
5.2 METHOD 
5.2.1 Perceptual ratings 
The perceptual ratings which in the present study we tried to represent by 
means of acoustic measurements were the averaged values over six raters for 
each of 160 emotional utterances on tempo, pitch level, pitch range, 
harshness, loudness, tension, and laxness. The 160 utterances consisted of 8 
speakers (4 males and 4 females) X 2 phrases (twee maanden zwanger and zo'n 
grote Amerikaanse auto) Χ 10 emotions (neutral [NE], disgust [DI], surprise 
[SU], shame [SH], interest [IN], joy [JO], fear [FE], contempt [CO], sadness 
[SA], and anger [AN]). (For a detailed description of the rating procedure, 
see Chapter 3; for a detailed description of the speech material, see Chapter 
2.) 
5.2.2 Measures of tempo 
In the rating sessions, the raters had been asked to score the parameter tempo 
in terms of rate of articulation, i.e., the amount of speech produced per time 
unit, disregarding the pauses, if any. As a physical measure to explain the 
ratings we took the number of syllables per second, a measure which - in 
contrast to total duration - is independent of the differing lengths of the two 
phrases measured (the realizations of twee maanden zwanger were on the 
average shorter than those of zo'n grote Amerikaanse auto). 
In order to check whether the raters had in fact disregarded the pauses in 
their judgment, the measure was computed twice, once for the integral 
utterances including the pauses and once after the pauses had been subtrac­
ted from the utterance durations. For the determination of the pauses use 
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was made of the circumstance that during the rating sessions the raters, along 
with noting down their scalar judgments, had been asked to indicate for each 
utterance whether it contained any pauses or not, and, if they thought it did, 
to mark the place. For the present purpose only those acoustic silences were 
taken to be pauses which had been marked as such by at least Five of the six 
raters. There were fifteen pauses that met this criterion, ranging in duration 
from 90 to 1,888 ms, with a mean of 936 ms.1 
The measurements were carried out with the speech editing system 
MOSES (Buiting, 1981). This system enables one to accurately determine the 
boundaries of one or more segments of a speech signal on the basis of 
auditory and visual information. The duration of the isolated segments is 
displayed on a terminal screen. The two syllable-per-second measures were 
obtained by dividing the total duration values, once including and once 
excluding the pauses, by the number of syllables derived from the written 
version of the two phrases, i.e., five in the case of twee maanden zwanger ana 
ten in the case of zo'n grote Amerikaanse auto. 
5.2.3 The measurement of fundamental frequency 
Perceived pitch level, perceived pitch range, and perceived harshness are 
commonly thought to be related to fundamental frequency (F0), i.e., to 
(variations in) the rate of vibration of the vocal folds. In the present study 
fundamental frequency data were derived from computer processing of the 
output of an analog pitch period detector described in Van Rossum and 
Bo ves (1978). This device delivers fundamental period durations with a 
resolution of 1 μ5 in those cases in which a speech sound has been classified as 
voiced. 
The sequence of fundamental period durations has been processed in a 
number of ways in order to produce different F 0 measures. For most of the 
measures an error correcting algorithm forms part of the processing, which 
means that obvious outliers are removed. The use of error correction is 
necessitated by the finding that no pitch extractor performs error-free for 
wide ranges of voices and speech material. The error-corrected F 0 informa­
tion is additionally transformed into a representation that consists of one F 0 
value per 10 ms time interval. 
5.2.3.1 Measures of central tendency of F0 
It is known that the perceived overall pitch of a complex stationary sound 
depends primarily on the frequency of the fundamental (Plomp, 1976). The 
perceived pitch level of sounds in which the fundamental frequency varies 
has been investigated less thoroughly but it seems reasonable to expect that it 
will be related to some measure of the central tendency of the F 0. We have 
experimented with all three common measures of central tendency, viz. the 
arithmetic mean (henceforward simply referred to as the mean), the median, 
and the mode. The reason for considering the modal value along with the 
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mean is that it might be a better indicator of the global impression of pitch 
level since it is the F0 that is present most often. The median value, on the 
other hand, is much less affected by the presence of outliers, a property which 
is particularly important when the distribution consists of a relatively small 
number of samples as is the case in the present study. 
5.2.3.2 Measures of F0 variation 
The most promising acoustic correlate of perceived pitch range is a measure 
of the variation in the FQ distribution. As is the case with measures of central 
tendency, various measures of variation can be defined. In the choice of a 
measure several criteria must be taken into account, such as its statistical 
properties, its computational complexity, and, of course, whatever a priori 
knowledge is available about the human pitch perception mechanism. 
To begin with the last criterion, it is well known that the human perception 
of pitch intervals obeys a logarithmic law, i.e., to the human auditory system 
a pitch interval between 100 Hz and 200 Hz is equal to the interval between 
200 Hz and 400 Hz, each being an octave. One way of taking into account the 
logarithmic properties of the auditory system is to use a measure of relative 
range such as the variation coefficient, defined as the quotient of the stan-
dard deviation and the mean of the F0 distribution. This is the first acoustic 
measure that we considered. 
Another way in which the properties of the auditory system can be 
accounted for is by transforming linearly scaled F0 data expressed in Hz into 
semitone values. Choosing an F0 of 50 Hz as the base level of 0 semitones, this 
transformation was effected by means of the relation 12.2log(F0/50) (in 
semitones). After this log-transform the standard deviation of the distribu-
tion was taken as a second measure of variation. Finally, the difference 
between the 90th and the 10th percentile points was also considered. 
Thus, three measures of F0 variation were computed as possible correlates 
of perceived pitch range. 
5.2.3.3 Measures of F0 perturbations 
There are quite a few studies which suggest that the perceptual impression of 
roughness or harshness2 is related to cycle-to-cycle fluctuations in the dura-
tion of F0 periods (for an overview of the literature, see Askenfelt & Ham-
marberg (1981) and Laver (1980, p. 127 ff). However, even in speech that 
does not sound rough or harsh slight variations in F0 are constantly present. 
This last observation can be reflected in one measure of F0 perturbation, 
defined as the proportion of F0 periods that differ more than a given 
percentage from their neighbours. The threshold must be set in such a way 
that Fo movements associated with intonation are prevented from contribu-
ting to the measure. A way to avoid problems with F0 variations induced by 
intonation is to use another F0 perturbation measure, defined as the propor-
tion of times that the slope of the F0 curve as function of time changes its sign. 
A third way to approach the problem is to use statistical properties of the 
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distribution of differences between adjacent F 0 samples as a measure of FQ 
perturbation. The differences cannot be taken in an absolute way as it has 
been found that the same deviation will sound less harsh as it is superimposed 
on a fundamental of higher frequency (Wendahl, 1963). 
Askenfelt and Hammarberg (1981) have compared measures of all three 
types described with respect to their ability to account for the perceived voice 
quality of forty-one patients both before and after voice therapy. They 
conclude that a measure based on the variation of the F 0 difference distribu­
tions is the most promising one, especially in situations in which the F 0 
perturbation measure is to be derived from automatic processing of tape 
recordings. Measures of the first two types mentioned appear to be extremely 
sensitive to occasional errors of the pitch extractor used. 
We have implemented two F 0 perturbation measures based on the relative 
differences between adjacent F 0 samples. Both measures are computed from 
the original period duration data before their conversion to F 0 samples at a 
10 ms rate. The difference between the two measures lies in the presence or 
absence of an error correction algorithm. The relative F 0 difference dF,, is 
defined by: 
d F =
 F
» "
 F
»-' (1) 
" .5 (F„ + F,,.,) 
where FM, и = 1,2, . . . Ν, are Fo values as read by the computer. F n does not 
exist if the sample F
n
 is the first sample of a voiced interval since in that case 
the preceding sample F
n
. | cannot be defined meaningfully. The F 0 perturba­
tion measures are defined by: 
FQ perturbation = r; Σ 
N 
η = 1 
dF, (2) 
Since the expected value of the dF
n
 is very close to zero, the use of the mean of 
|dFj makes the measure very much like the standard deviation measure 
coming out as the best in the comparative study of Askenfelt and Hammar­
berg (1981). 
5.2.4 Measures of spectral slope 
If a one-parameter curve is fitted through the spectra of voiced speech sounds 
of normal loudness and tension, it is generally found to fall off at a rate of 
approximately 6 dB per octave. It is very likely, however, that the spectral 
slope is affected by variations in loudness and tension. That is why we 
considered spectral slope measures as possible correlates of perceived 
loudness, tension, and laxness.' 
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The spectral slopes were measured by means of critical bandwidth power 
spectra. Critical band spectra approximate the frequency resolving power of 
the human auditory system (Plomp, 1976) and are easy to obtain and process 
(Pols, 1977; van Rossum, 1981). Our analyser comprises nineteen bandpass 
filters, namely sixteen third-octave filters at center frequencies from 400 Hz 
up to and including 12,500 Hz and three filters with a fixed 90 Hz bandwidth 
and center frequencies of 122, 215, and 307 Hz. All filters are provided with 
detectors with logarithmic amplitude response and time constants in the 
order of 10 ms. In addition, a true Root Mean Square detector which 
measures the sound power in the frequency band from 80 Hz up to 14,000 Hz 
is provided. The twenty detector outputs are sampled at a rate of 100 samples 
per second and, combined with the fundamental frequency values and the 
voiced/unvoiced outputs of the pitch detector described above, fed into a 
minicomputer. 
Each frame of twenty-two numbers in the computer memory describes 
properties of the speech signal during a 10 ms time interval. The detailed 
output of these measurements depends heavily on the specific phonetic 
identity of the phonemes to which they relate and is of no great interest if one 
is looking for acoustic concomitants of global auditory judgments. There-
fore, some kind of time averaging is needed. Since we are mainly interested in 
spectral measures associated with laryngeal behaviour we decided to com-
pute time averages over the 10 ms intervals pertaining to voiced segments 
only, separately for each of the 160 utterances. The resulting long-term 
average spectra (henceforward abbreviated as LTAS) were subsequently 
normalized by expressing the power level in all filter channels relative to the 
overall signal power scaled to an arbitrarily chosen fixed level of 100 dB. This 
effectively removes all between-differences in total signal power. 
Unlike the acoustic measures considered as correlates of tempo, pitch level, 
pitch range, and harshness, which result in a single number for each utter-
ance, the LTAS comprise nineteen significant numbers, thus constituting a 
measure which calls for simplification. Fortunately, from the work on 
critical band analysis applied to speech signals it appears that the levels in 
adjacent filters tend to be fairly strongly correlated (Pols, 1977) so that a 
certain amount of data reduction should be possible without the loss of 
relevant information. 
The data reduction on the LTAS can be achieved in two fundamentally 
different ways. The first way is to use a formal multivariate data processing 
technique that maps the original nineteen dimensional data space onto a new 
space of lower dimensionality while preserving the greatest possible amount 
of variance. The alternative approach does not attempt to use "blind" 
statistical techniques to save a maximum amount of variance or information 
in a statistical sense. Rather it considers the possibility that not all variance is 
equally important for the goal to be reached and consequently tries to extract 
that information that is expected to be relevant for reasons based on a priori 
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knowledge about the phenomena under study. Such an approach is exempli-
fied by the spectral slope measures defined by Hammarberg et al. (1980). 
Boves and Cranen (1982) compare the two approaches. They conclude 
that the differences are too small to warrant their concurrent application. 
Since the spectral slope measures as defined by Hammarberg et al. are easier 
to interpret, this approach is preferred in the present study. The slope 
measures are defined in Figure 5.1. The maximum level in the bands with 
center frequencies 400, 500, and 630 Hz is taken as the reference with respect 
to which all remaining levels are measured. This band usually contains the 
first formant, the level of which contributes most to the overall power of the 
speech wave. 
In the LTAS measure derived from Hammarberg et al. the first slope 
factor4 is determined by the level in the filter which contains the F0 mode. The 
second slope factor is defined by the level in the filter with a center frequency 
of 1,600 Hz, and the third by the level at 5,000 Hz (a point at which the level 
of the harmonics of the glottal pulses is usually well below the system noise). 
The fourth, and last, slope factor depends on the maximum level in the 
frequency region above 5,000 Hz. Since our data are confined to voiced 
segments, this level differs only very slightly from the level at 5,000 Hz. 
Therefore, we have limited our data processing to the first three slope factors. 
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Figure 5.1 Definition of LTAS slope measures 
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5.3 RESULTS 
5.5.7 Ratings of tempo related to syllable duration 
Two measures were considered as acoustic correlates of perceived tempo: (1) 
the number of syllables per second with pauses and (2) the number of 
syllables per second without pauses. In Table 5.1 the product-moment 
correlations between the physical and the perceptual speech rate measures 
are presented. 
From Table 5.1 it appears that the speech rate measure with and the speech 
rate measure without pauses correlate so highly with each other that one 
wonders whether one really has two different measures at hand. The high 
correlation is probably due to the fact that in our speech material only 15 out 
of the 160 utterances contained a pause, so that for the great majority of the 
phrases the duration values for the two measures were the same. 
It may further be seen that of the two duration measures the one without 
pauses correlates more highly with tempo than the measure with pauses. This 
outcome suggests that the raters have indeed concentrated on rate of articu­
lation and have paid little attention to the pauses. In fact, the correlation 
between the number of syllables per second without pauses and its perceptual 
analog may be seen to be quite high. It was therefore used as one of the 
acoustic predictors in the multiple regression analysis described in Section 
5.3.6. (For the mean values for the different emotions, see Appendix A.) 
5.3.2 Ratings of pitch level explained by measures of central tendency ofF0 
Three measures of central tendency of F 0 were considered as possible corre­
lates of perceived pitch level: (1) the mode, (2) the median, and (3) the mean. 
Since the raters had been asked to keep in mind the sex of the speaker while 
judging the height of the pitch - which really amounts to asking them to use a 
normalized rating scale - the acoustic data were converted to z-scores separa­
tely for the utterances within either sex group, before being combined and 
correlated with the perceptual ratings. The resulting product-moment corre­
lation matrix is given in Table 5.2. 
Table S I Imercorrelations between two rate measures and perceived tempo {N = 160) 
I 2 
I = syllables per second with pauses 
2 87* 2 = syllables per second without pauses 
3 77* 85* 3 = perceived tempo 
* ρ < 05 (one-tailed test) 
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Table 5 2 Intercorrelations between three measures of central tendency of F 0 and perceived 
pitch level (N - 160) 
1 = F 0 mode 
2 = F 0 median 
3 = F 0 mean 
4 = perceived pitch level 
2 
3 
4 
1 
92· 
87* 
71* 
2 
97* 
80* 
3 
82* 
* ρ < 05 (one-tailed test) 
From Table 5 2 it appears that the F 0 mode is a less effective predictor of 
the pitch level ratings than the Fo median and the F 0 mean. The latter two 
measures do about equally well and correlate extremely highly with each 
other Apparently, during the F 0 processing, outliers, which tend to make the 
FQ mean unstable, have been effectively removed Nevertheless, since for 
general use we think that the F 0 median is to be preferred above the mean, in 
the subsequent multiple regression analysis the F 0 median was employed. 
(For the mean F 0 median values for the different emotions, see Appendix A.) 
Since we were interested to know whether the raters really employed two 
different scales in their judgments of pitch level, we also computed the 
correlations between the non-normalized F 0 median data and the pitch level 
ratings separately for the utterances produced by the male speakers, the 
female speakers, and the combined group of 160 utterances. The coefficients 
were 86, 80, and .75, respectively, which suggests that the ratings of the 
utterances do indeed depend to some extent upon the sex of the speaker. 
From the fact that the correlation between the normalized F 0 median data 
and the perceptual ratings for the combined group of 160 utterances was 80 
we may conclude that part of the difference between the pitch level scales for 
the male and the female speakers is confined to a linear transformation. 
5.3.3 Ratings of pitch range explained by measures ofF0 variation 
Three acoustic measures were considered as possible correlates of perceived 
pitch range: (1) the variation coefficient, (2) the standard deviation of the 
log-converted (semitone) F 0 distribution, and (3) the difference between the 
90th and the 10th percentile points in this distribution The product-moment 
correlations between these three measures and the pitch range ratings are 
given in Table 5.3 
It appears from Table 5 3 that the correlations between the three acoustic 
measures are high Since the variation coefficient does relatively best in 
predicting the perceptual ratings and does not involve the extra 
computational complexity of the log-transform we decided to choose it as the 
measure to be employed in the subsequent multiple regression analysis. (For 
the mean variation coefficient values for the different emotions, see Appen­
dix A) 
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2 
3 
4 
1 
.88· 
.95· 
.68· 
2 
.90· 
64* 
3 
.60* 
Table 5.3 Intercorrelations between three measures of F variation and perceived pitch level (N 
= 160) 
1 = F- variation coefficient 
2 = standard deviation of the log-
converted F 0 distribution 
3 = difference between the 90th and 
10th percentile of the log-con­
verted F distribution 
• ρ < .05 (one-tailed test) 4 = perceived pitch range 
5.3.4 Ratings of harshness explained by measures ofF0 perturbations 
Two acoustic measures were considered as possible correlates of perceived 
harshness: (1) an F0 perturbation measure computed from error-corrected FQ 
data and (2) one which was based on uncorrected F 0 data. In Table 5.4 the 
correlations between the two measures and the harshness ratings are given. 
The data in Table 5.4 show that neither perturbation measure is a very 
good predictor of perceived harshness. The correlation between the correc­
ted perturbation coefficient and the harshness ratings is not even significant 
and so low as to be devoid of any meaning. The correlation between the 
uncorrected perturbation coefficient and perceived harshness is not very 
impressive either: The acoustic measure accounts for only 17% of the va­
riance in the perceptual ratings. For lack of something better we nevertheless 
decided to keep it as an acoustic correlate of perceived harshness. 
5.3.5 Ratings of loudness, tension, and laxness explained by measures of 
spectral slope 
The LTAS measures differ from the tempo and F 0 measures in that one may 
not expect to find meaningful results from simple product-moment correla­
tions between the acoustic and the perceptual data. Rather one must have 
recourse to multivariate statistical techniques. We have chosen an approach 
based on a step-wise multiple regression analysis. 
Because in Chapter 3 it appeared that the ratings for loudness, tension, and 
laxness were correlated (see Table 3.3), we thought it sensible to present the 
results for these three parameters in combination. We have tried to obtain a 
Table 5.4 Intercorrelations between two F 0 perturbation measures and perceived harshness (N 
= 160) 
I 2 
2 
3 
.56· 
.42· .14 
1 = uncorrected F 0 perturbation 
2 = corrected F 0 perturbation 
3 = perceived harshness 
* ρ < .05 (one-tailed test) 
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maximally transparent and compact presentation of the multiple regression 
outputs in Table 5 5. The order in which the slope measures were inserted 
into the regression equation can be inferred from the cumulative contribu-
tions to the total amount of variance explained. The threshold for insertion 
was set at 5%. 
From Table 5.5 it may be seen that tension and laxness show the expected 
complementary picture: For both parameters the first two slope measures 
are most important, but the order in which they enter the equation and their 
relative contributions to the total amount of variance explained are reversed. 
Comparing the results for tension and loudness, we see that they are partly 
different and for another part quite similar. The difference lies in the relative 
importance of the slope measures- For the perception of loudness the spec-
tral slope in the frequencies below the first formant is most important, 
followed by the slope in the frequency region around 5,000 Hz; for the 
perception of tension the slope in the frequencies between the first formant 
and 1,600 Hz is most important, immediately followed by the spectral slope 
below the first formant The similarity lies in the signs of the regression 
coefficients, which suggest that higher degrees of both loudness and tension 
are characterized by a higher spectral level (or, in our measures, a less steep 
spectral slope) in the upper frequency bands. 
5.3.6 A multiple regression approach 
So far we have considered each perceptual parameter individually. This 
approach is motivated by the claimed analytic character of the perceptual 
ratings The fact, however, that we found some of the rating scales to be 
correlated (see Table 3 3) suggests the possibility that a number of different 
acoustic parameters might interact to determine the perceptual scores This 
possibility was examined by carrying out a multiple regression analysis with 
the eventually retained acoustic measures, i.e., number of syllables per 
second without pauses, F0 median, F0 variation coefficient, uncorrected F0 
perturbation, and three spectral slope measures, as predictors and the seven 
rating scales as criteria The threshold for insertion was set at 5%. The results 
are given in Table 5.6. 
Table 5 S Results of a multiple regression analysis with perceptual ratings as criterion and 
spectral slope measures as predictors The numbers denote cumulative percentages of variance 
explained by the slope measures The signs are borrowed from the regression coefficients 
Slope 1 
Slope 2 
Slope 3 
Multiple/? 
Loudness 
32 
51(-) 
72 
Tension 
39 
21(-) 
46(-) 
68 
Laxness 
20(-) 
34 
59 
68 
Table 5 6 Results of a multiple regression analysis with ratings on seven perceptual parameters as 
criterion and seven acoustic measures as predictors The signs are borrowed from the regression 
coefficients 
Criterion 
Tempo 
Pitch level 
Pitch range 
Harshness 
Loudness 
Tension 
Laxness 
Predictor(s) 
Syllables per second 
F 0 median 
F variation coefficient 
F 0 perturbation 
Slope 3 
Slope 1 
Syllables per second 
Slope 1 
Slope 3 
F median 
Slope 3 
F0 perturbation 
Slope 1 
Slope 1 
Slope 2 
Multiple R (r) 
85 
80 
68 
62 
72 
76 
59 
Cumulative % 
variance explained 
73 
64 
47 
18 
26(-) 
32 
38 
32 
51(-) 
28 
43(-) 
51 
57 
20(-) 
34 
For tempo, pitch level, and pitch range the results presented in Table 5.6 
are extremely easy to describe, since no acoustic measures beyond the 
number of syllables per second without pauses (for tempo), F0 median (for 
pitch level), and the F0 variation coefficient (for pitch range) appear to make 
a significant contribution The same holds for the laxness and loudness 
scales, where no significant contributions are found from parameters other 
than the slope measures. 
For tension, slope 2 is removed from the equation and replaced by the F0 
median. Slopes 1 and 3 exchange places, and F0 perturbation comes in as a 
fourth predictor. The regression coefficients of both F0 median and F0 
perturbation are positive, indicating a tendency in the direction of higher 
tension scores if either F0 median or F0 perturbation increase. This is what 
should be expected on physiological grounds A physiological explanation is 
corroborated by the regression coefficients of the slope measures which are 
negative for the high frequency slope 3 and positive for the low frequency 
slope 1. 
For harshness, F0 perturbation remains the most important predictor, but 
it is joined by slope measure 3, slope measure 1, and the duration measure, 
yielding a multiple R of .62 compared with a Pearson r of 42 for perturbation 
as the sole predictor Moreover, the signs of the regression coefficients of the 
slope measures are equal to those for tension. This finding supports the 
conjecture that harshness is likely to be one of the results of excessive tension 
of the larynx muscles (see Laver, 1980, p. 129). 
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5.3.7 Discriminant analysis 
In order to get an impression of the discriminating power of the set of seven 
acoustic measures used in the multiple regression described above, a discri-
minant analysis (for an explanation of this technique, see Section 4.2.2) was 
carried out. With three discriminant functions accounting for 91% of the 
variance, 69 of the 160 utterances, i.e., 43%, were assigned to the right 
emotional category. The percentages correct for the different emotions are 
given in Table 5.7. 
The heaviest contributions to the first function, which accounted for 58% 
of the variance, came from F0 median and the F0 variation coefficient (both 
positive); the heaviest contributions to the second function, which accounted 
for an additional 24% of the variance, came from syllables per second and the 
first slope measure (both positive) as well as from F0 median (negative). The 
contributions of the other variables were low. The third function extracted 
will not be considered, since it accounted for only 9% of the variance. 
In Figure 5.2 the positions of the group centroids in the space spanned by 
the first and second discriminant functions (dimensions) are depicted. It may 
be seen that the passive emotions neutral and shame are situated at one 
extreme of the first dimension and the active emotions joy and surprise at the 
other. The second dimension goes from disgust to interest, and is not easy to 
interpret. 
Just as has been done with respect to the perceptual ratings (see Section 
4.3.3), a hierarchical cluster analysis was carried out on the classification 
matrix yielded by the acoustically based discriminant analysis in order to 
establish which emotions were most often confused with one another. Both 
dendrograms, resulting from the application of the minimum method and 
the maximum method, are presented in Figure 5.3. Since the correlation 
between the distances in the data matrix and the ultrametric distances was 
considerably higher for the minimum method than for the maximum method 
(.70 and .55, respectively), we will only consider the former. It contains four 
clusters of emotions, one comprising disgust and contempt, one comprising 
Table 5.7 Percentages of correct classification by means of a discriminant analysis based on 
seven acoustic measures 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
50 
44 
62 
38 
69 
31 
38 
31 
19 
50 
70 
msH 
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Figure 5.2 Positions of ten emotions along the first and second dimensions resulting from a 
discriminant analysis based on seven acoustic measures 
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Figure 5.3 Results of a hierarchical cluster analysis based on the classification matrix of a 
discriminant analysis with seven acoustic parameters (minimum method at the left, maximum 
method at the right) 
neutral and shame, one comprising joy, anger, and fear, and one comprising 
interest, sadness, and surprise. 
5.4 DISCUSSION 
The present study revealed that ratings of tempo, or, more precisely, those of 
rate of articulation, of single utterances can to a great extent be predicted by 
the number of syllables per second, calculated after subtraction of the 
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pauses. In fact, of all the perceptual parameters that were examined in the 
present study, tempo was the one for which the search for a physical correlate 
proved most successful. Of the variance in the perceptual tempo ratings that 
is not accounted for by the physical measure (28%), some may be due to error 
on the part of the raters; another part may be related to tempo changes within 
utterances. 
The ratings of pitch level can for the greater part be accounted for by 
measures of the central tendency of the F0 distribution. Although this result 
was to be expected from knowledge about similar relations for stationary 
sounds, it is gratifying to find that they hold for highly non-stationary sounds 
such as our emotional utterances as well. However, here also part (36%) of 
the variance in the perceptual ratings remains unexplained. Again, this may, 
at least partly, be a result of insecurity on the part of the raters, perhaps due 
to interference from spectral properties of the speech signal. 
Our study suggests the presence of a sex of speaker factor in the rating of 
pitch level, but its importance and its exact effect are not quite clear. In a 
rating experiment in which five male and five female speakers were judged by 
means of a semantic differential which included the scale low pitch - high 
pitch without further reference to the sex of the speaker, Blom and Van 
Herpt (1976) found that the scores of untrained raters could not be sensibly 
scaled by means of Thurstone's Law of Categorical Judgement. This result 
was also taken as an indication that norms for pitch height are sex dependent. 
One final remark is in place on the relation between FQ median and 
perceived pitch level: Spectral properties of the signals expressed in terms of 
slope measures did not contribute any significant amount of explained 
variance. This does not prove that spectral effects have not played a part in 
the pitch level rating - on the contrary, as mentioned above we think it 
probable that some interference has taken place - but rather that the slope 
measures are too rough to account for these effects. 
A similar remark applies to the relation between measures of F0 variation 
and ratings of pitch range. There the addition of slope measures as predictors 
did not lead to a higher percentage of explained variance either. It further-
more appeared that the explanatory power of the F0 variation measures was 
not very high: With the best of the three measures considered, not more than 
half of the variance in the perceptual ratings could be explained. 
Again this may be due to the inaccuracy of the perceptual ratings, 't Hart 
(1981) investigated the precision with which (trained and untrained) subjects 
were able to judge which one of two F0 movements in pairs of synthesized 
four-syllable number names was greater. Of the untrained subjects 16% were 
not able to discriminate between differences of less than four semitones in the 
case of F0 rises. In judging F0 falls, the proportion of judges who could not 
perform the task of discriminating below a four semitone threshold rose to 
no less than 61%. From these results we might hypothesize that the mediocre 
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explanatory power of acoustic F0 measures of pitch range is at least partly 
due to uncertainty on the part of the raters in estimating the pitch range 
accurately, especially in those utterances in which the range is neither extre-
mely narrow nor extremely wide. 
Of the two acoustic measures considered as possible correlates of perceived 
harshness, the more effective one accounted for no more than 17% of the 
variance in the perceptual ratings. This poor result may have to do with the 
nature of the speech material analyzed in this experiment. After all, all 
utterances were produced with normal voices. The occasionally perceived 
harshness, which occurred especially in expressions of disgust, joy, and 
anger, was usually not very severe and often intermittent. Those studies in 
which perturbation measures proved to be more successful dealt with the 
discrimination between normal voices and pathological voices for which 
irregularity was a characteristic feature (Askenfelt & Hammarberg, 1981). 
At this moment we cannot do much more than conclude that extensive 
research is needed regarding the perception of (the degree of) harshness in 
normal voices. Preferably that research should employ stretches of speech 
much longer than S seconds so that stable automatic acoustic measures of F0 
perturbation can be obtained.5 
The results concerning the spectral slope measures are impossible to explain 
without reference to a parametric representation of glottal pulse shapes. The 
most important parameters of this representation are period duration (the 
inverse of F0), the amplitude of the pulses, and the slope of the trailing edge 
(Fant, 1979; Titze, 1980). It can be shown that the effect of F0 on slope 
measures is negligible; thus it cannot be a point in the present discussion 
(Boves, 1984). (This is not to say that F0 is not related to loudness and 
tension; it certainly is, but this relation does not affect the slope measures per 
se). 
Increasing pulse amplitude without changing the waveform, which, in a 
first approximation, could be done by increasing the subglottal pressure 
and/or by causing the vocal folds to make larger vibratory excursions, 
increases the loudness of the radiated speech signal. However, it must be 
assumed that a large part of this kind of loudness variations, if they were 
present in the signals as produced by the speakers, have been removed by 
level adjustments during the recording and copying processes, and are 
consequently not present in the LT AS obtained. 
In addition to increasing pulse amplitude, tensing the laryngeal muscles 
may also contribute to the impression of increased loudness, and - of course -
to the impression of increased tension as well. Pressing the vocal folds 
together more firmly and increasing the longitudinal tension of the folds will 
both steepen the trailing edge and decrease the average pulse amplitude. It 
follows from standard Fourier analysis that the former effect corresponds to 
an increase in the level of the higher harmonics; in other words, steepening 
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the trailing edge of the glottal pulse changes the spectral balance in favour of 
the upper part of the spectrum. For most common pulse forms, the latter 
effect will be reflected in the spectral level at the fundamental frequency. 
From the fact that both perceived loudness and perceived tension are positi-
vely related to the first slope measure, it appears that either a decrease in the 
relative spectral level of F0 (due to a decrease in pulse amplitude) or a relative 
increase in F, level (due to a steeper slope of the flow pulse at glottal closure) 
indeed gives rise to an increase in perceived loudness and tension. Moreover, 
from the negative signs of the regression coefficients for slope measures 2 and 
3 it can be inferred that a rise in the spectral level at higher frequencies 
(showing up in the form of small values of slope measures 2 and 3) also 
corresponds with increasing scores on loudness and tension. Finally, as one 
would expect, increasing the spectral slope measures towards the higher 
frequencies, i.e., favouring the low instead of the high frequencies, leads to 
higher scores for laxness. 
Not surprisingly, loudness and tension are very similar as far as the 
acoustic predictors are concerned but not identical. We will not speculate on 
the underlying physiological mechanisms that may be responsible for the 
differences. Suffice it to say that in tense utterances the spectra seem to be 
even flatter than in loud utterances, especially in the frequency region around 
1.5 kHz. It is also of interest to note that it appears from the final multiple 
regression analysis, the results of which are summarized in Table 5.6, that F0 
is a better predictor of perceived tension than any slope measure, contrary to 
what was found for loudness. Thus either the loudness or the tension scores 
(or both) may depend on other acoustic parameters besides spectral slopes. 
As for the discriminating power of the acoustic measures, it appeared that 
with syllables per second without pauses, F0 median, F0 variation coefficient, 
uncorrected F0 perturbation, and three spectral slope measures as discrimi-
nating variables and with three discriminant functions, a discriminant analy-
sis succeeded in assigning 43% of the emotional utterances to the right 
category. Of course, with ten categories to choose from, this percentage is far 
beyond chance, though not very impressive if compared to the classification 
results of the discriminant analyses based on the perceptual ratings (see 
Chapter 4). There it took not more than two discriminating variables, 
namely loudness and laxness, to yield almost the same result (38%) as 
obtained here with the complete set of seven acoustic measures. With the 
perceptual ratings on a third variable (pitch level) added, the percentage of 
correct classifications was raised to 52%. This differential success of the 
acoustic and the perceptual measures, as well as a comparison between the 
performance of either and the recognition by human subjects will come up 
for discussion in Chapter 10. There the nature of the functions extracted in 
the acoustically based discriminant analysis and the relationships among the 
emotions as they appeared from a cluster analysis on the classification matrix 
will also be commented on. 
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NOTES 
1 In fact, there was a remarkable agreement among the raters as to whether or not at a 
particular place in an utterance there was a pause Of the total of 19 pauses that were marked, 12 
were perceived by all 6 raters, 3 by 5 raters, 1 by 3 raters, and 3 by 2 raters Equally noteworthy is 
the fact that of the 1S pauses that were perceived by at least 5 raters, 9 occurred in expressions of 
shame, which means that there were pauses in more than half of the cases in which this emotion 
was expressed 
2 In many studies the term "roughness" is used interchangeably with "harshness" 
3 Of course, intensity would have been a very likely measure as well to take as a correlate of 
perceived loudness and perhaps also of perceived tension However, during the recordings of the 
emotional expressions (see Section 2 2 4) and the copying of the tapes so many level adjustments 
had taken place that information on the original intensity of the utterances was irretrievably 
lost 
4 Actually, the term "spectral distance" would be more accurate than "spectral slope", 
since "slope" implies a division by frequency distance 
5 At the moment the present author is carrying out such research with the aim of assessing 
potential systematic differences in voice quality between speakers of different socio-economic 
status, regional background, and age In this research, stretches of speech with a minimum 
duration of 60 seconds are used 
CHAPTER 6 
Recognition by Dutch adults 
6.1 INTRODUCTION 
Empirical research into the recognizability of vocally expressed emotions by 
adults is of fairly recent date, only a few studies having been conducted 
before the 1950s. Since then, however, there has been a constant stream of 
publications devoted to the subject. Table 6.1 shows a survey of these 
recognition studies, listing the number and kind of encoders and decoders 
participating, the speech material used as the carrier for the emotional 
expressions, the emotional categories expressed and the rank order of recog-
nizability, the way in which the decoders were asked to respond, and the 
mean percentage of correct responses obtained. Only those studies are 
included in the survey which examined the rate of recognition of non-mani-
pulated emotional speech encoded by normal adults and decoded by normal 
adults with the same mother tongue as the encoders. Correlational studies 
which aimed, for example, at determining the relationship between emotion-
al sensitivity and verbal intelligence or some other variable, have not been 
included. For the outcomes of studies in which synthesized or manipulated 
(e.g., lowpass filtered, monotonized) speech was offered for identification, 
we refer to Chapter 4. The results of studies in which children served as 
subjects will be presented in Chapters 7 and 8, and those of cross-cultural 
studies in Chapter 9. 
We will only discuss here those data presented in Table 6.1 that are 
relevant to the setup and aims of the recognition experiment dealt with in the 
present chapter, i.e., the data contained in the second, third, fourth, seventh, 
and eighth columns; the rest of the data will come up for discussion in Section 
6.4. 
From the second and third columns in Table 6.1 it appears that almost all of 
the recognition studies have been conducted in the United States; the reco-
gnition of vocal expressions of emotion produced and interpreted by non-
English speaking adults has hardly been investigated. Especially 
non-western languages have been neglected. 
From the fourth column it appears, as has been stated in Chapter 2, that if 
content masking by means of random splicing, lowpass filtering, or reversed 
speech has not been opted for, the most common way of separating the vocal 
Table 6.1 Survey of studies on the 
Study 
Dusenbury & 
Knower, 
1938 
Fairbanks & 
Pronovost, 
1939 
Knower, 
1941 
Pfaff, 
1954 
Davitz & 
Davitz, 
1959 
Encoders 
4m, 4f Am. 
speech stud 
6m Am. 
amateur actors 
1m, If Am 
Im. Am speech 
instructor 
4m, 4f Am. 
stud and fac. 
members, 1 Am 
actress 
recognition of vocal ι 
Decoders 
a) 294 Am stud 
b) 94 Am stud 
64 Am. stud. 
Am stud 
304 Am. stud. 
30 Am. stud. 
:xpressions of emotions 
Speech sample 
letters of 
alphabet 
standard 
passage 
letters of 
alphabet 
numerals 
letters of 
alphabet 
by adults 
Emotions" 
contempt (3) 
sadness (4) 
surprise (5) 
fear (7) 
anger (10) 
contempt (2) 
sadness (3.5) 
anger (3.5) 
fear (5) 
surprise 
fear 
contempt 
sadness 
anger 
joy (2) 
fear (2) 
sadness (5.5) 
disgust (5.5) 
shame (8.5) 
anger (1) 
sadness (3) 
joy (4) 
fear (7 5) 
Emotionsb 
determination (1) 
doubt (2) 
sympathy (6) 
reverence (8) 
merriment (9) 
suffering (11) 
indifference (1) 
merriment 
suffering 
determination 
doubt 
sympathy 
reverence 
hate (2) 
doubt (5.5) 
pleading (5.5) 
love (8.5) 
excitement 
nervousness (2) 
sympathy (5) 
satisfaction (6) 
love (7.5) 
jealousy (9) 
pride (10) 
Task 
forced 
judgment 
with 11 
alternatives 
forced 
judgment 
with 12 
alternatives 
forced 
judgment 
with 11 
alternatives 
forced 
judgment 
judgment 
with 10 
alternatives 
forced 
judgment 
with 10 
alternatives 
% Accuracy 
a) 83 
b)81 
79 
89 
50 
37 
Study Encoders Decoders Speech sample 
Pollack 
Rubenslein, & 
Horowitz, 
1960 
4 Am 
Lieberman & 
Michaels, 
1962 
3m Am 
Beldoch, 
1964 
3m, 3f Am 
Kramer, 
1964 
7m Am 
speech stud 
18 Am Standard 
sentences 
10 Am Standard 
sentences 
43m, 46f Am 
stud 
Standard 
passage 
27m Am stud Standard 
passage 
Levitt, 25m,25f Am 4m, 4f Am Standard 
1964 stud stud passage 
Emotions" Emotions'1 Task % Accuracy 
neutral (S) 
fear (6) 
joy (9) 
disgust (14) 
surprise (IS) 
anger(16) 
neutral (3 5) 
joy (5 5) 
fear (8) 
disgust 
joy 
fear 
anger 
contempt (1) 
anger (3) 
sadness (4) 
fear( l ) 
anger (2) 
joy (3) 
surprise (4) 
disgust (5) 
contempt (6) 
pedantic (1) 
bored (2) 
question (3) 
confidential (4) 
uncertainty (7) 
disbelief (8) 
impatient (10) 
sarcasm (11) 
threat (12) 
approval (13) 
bored (1) 
question (2) 
pompous (3 5) 
disbelief (5 5) 
confidential (7) 
love 
admiration 
amusement 
boredom 
despair 
impatience 
indifference (2) 
love (5) 
forced 
judgment 
with 
a) 16 
alternatives 
b ) 8 
alternatives 
forced 
judgment 
with 
8 
alternatives 
forced 
judgment 
with 
10 
alternatives 
forced 
judgment 
with 
5 
alternatives 
forced 
judgment 
with 
6 
alternatives 
a) 42 
b ) 6 3 
85 
54 
70 
47 
- J 
Table 6 1 (continued) 
Study Encoders Decoders Speech sample Emotions" Emotions b Task % Accuracy 
-J 
oo 
Levy, 
1964 
Osser, 
1964 
Hornstein, 
1967 
Heike, 
1969 
Plaikner, 
1970 
3m, 3f Am 
1 Am actress 
124f Am 
stud 
32m, 42f Am 
stud 
80 Am 
124Г Am 
stud 
10 Germans 
1 German 
actor 
Germans 
30m, 19f 
Germans 
standard 
passage 
single word 
letters of 
alphabet 
standard 
sentence 
letters of 
alphabet 
disgust 
joy 
fear 
anger 
neutral 
joy 
fear 
sadness 
anger 
neutral 
JOY 
sadness 
anger 
anger (2) 
fear (3) 
joy (4 5) 
joy (2) 
fear (3) 
sadness (S) 
anger (6 5) 
disgust (10 5) 
love 
admiration 
amusement 
boredom 
despair 
impatience 
love 
boredom 
calmness 
enthusiasm 
question 
affection 
boredom 
cheerfulness 
impatience 
satisfaction 
reassuring (1) 
ironic (4 5) 
indifference (6) 
bored (1) 
hate (4) 
impatience (6 5) 
enthusiasm (8) 
despair (9) 
benevolent (10 5) 
recklessness (12 5) 
longing (12.5) 
love (14) 
timidity (15) 
forced 
judgment 
with 
10 
alternatives 
forced 
judgment 
with 
10 
alternatives 
forced 
judgment 
with 
9 
alternatives 
free 
choice 
forced 
judgment 
with 
15 
alternatives 
55 
32 
59 
68 
53 
Table 6.1 (continued) 
Study 
Bluhme, 
1971 
Wolf, 
Gorski, & 
Peters, 
1972 
Burns & 
Beier, 
1973 
Ross, 
Duffy, 
Cooker, & 
Sergeant, 
1973 
Theyssen, 
1973 
Encoders 
6m French 
stud. 
25m Am. 
stud. 
30 Am. 
stud 
3m, 3f Am. 
actors 
2m, 2f Dutch 
stud. 
Decoders 
9f French stud. 
and teachers of 
phonetics 
25m Am stud. 
21 Am. stud. 
33 Am. stud. 
4m, 6f Dutch 
stud. 
Speech sample 
standard 
sentences 
letters of 
alphabet 
standard 
sentences 
standard 
passage 
standard 
sentences 
Emotions* 
anger (1) 
neutral (3) 
contempt (7) 
surprise (8) 
joy 
fear 
sadness 
anger 
anger (1) 
sadness (2) 
joy (5) 
anger (1) 
sadness (3) 
fear (6) 
contempt (7.5) 
surprise (9) 
sadness (3) 
joy (4) 
Emotions'' 
hesitation (2) 
supposition (4) 
question (5) 
irony (6) 
conviction (9) 
admiration (10) 
subj. statement (11) 
disapproval (12) 
tag-question (13) 
jealousy 
love 
nervousness 
pride 
satisfaction 
sympathy 
anxious (3) 
indifferent (4) 
seductive (6) 
indifference (2) 
amusement (4) 
doubt (5) 
love (7.5) 
question (1) 
indigant (2) 
conspiralory (5) 
apologizing (6) 
Task 
forced 
judgment 
with 
13 
alternatives 
forced 
judgment 
with 
10 
alternatives 
forced 
judgment 
with 7 
alternatives 
forced 
judgment 
with 
9 
alternatives 
a) forced 
judgment with 
6 alternatives 
b) free choice 
% Accuracy 
33 
45 
60 
70 
a) 70 
b ) 5 l 
α 
Table 6 1 (continued) 
Study 
Zuckerman, 
Lipets, 
Koivumaki, & 
Rosenthal, 
1975 
Fenster, 
Blake, & 
Goldstein, 
1977 
Brown, 
1980 
Williams & 
Stevens, 
1981 
Encoders 
27m, 13f Am 
stud 
30m Am 
5 Spanish bi 
Unguals with 
English as 
their first 
language 
3m Am 
actors 
Decoders 
a) 64m Am stud 
b) 37f Am stud 
30 Am 
18 Am stud 
12 Am 
Speech sample 
standard 
sentence 
standard 
sentence 
film 
description 
standard 
sentences 
Emotions" 
sadness (1) 
surprise (2) 
anger (3) 
disgust (4) 
joy (5) 
fear (6) 
sadness (1) 
anger (2) 
fear (4) 
joy (6) 
disgust 
surprise 
joy 
fear 
contempt 
sadness 
anger 
sorrow (1) 
anger (2) 
neutral (3) 
happy (4) 
fear (5) 
Emotions'1 Task > Accuracy 
oc 
О 
love (3) 
contentment (5) 
depression 
hate 
humor 
love 
pity 
reverence 
forced 
judgment 
with 6 
alternatives 
forced 
judgment 
with 6 
alternatives 
forced 
judgment 
with 13 
alternatives 
a) 45 
b ) 4 6 
30 
-
forced 
judgment 
with 5 
alternatives 
45 
Note The numbers in parentheses indicate the rank order in which the emotions were recognized, from (1) = best to (л) : 
а
 emotions also present in our study 
ь
 emotions not present in our study 
% Accuracy = mean percentage of correct responses 
m = male 
f = female 
stud = students 
Am = American English 
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from the verbal communication channel has been to keep the verbal content 
constant over all emotional utterances so that only vocal features of speech 
can vary. In this manner one can be sure that it was not what the speaker said 
but how he or she said it that permitted the transmission of whatever 
emotional meaning got across. As has been argued in Chapter 2, we think 
that the best type of standard speech sample is meaningful speech material in 
the form of phrases or sentences. 
The data in the seventh column of Table 6.1 reveal that in most studies the 
subjects were given a fixed set of alternatives from which to select the one best 
fitting the emotional portrayal presented. Usually this was the same list of 
categories which the speakers had employed when producing the portrayals. 
Free choice tasks, i.e., tasks in which the subjects were asked to describe the 
stimuli in their own words, have been fairly rare, probably because they 
involve the methodological problem of deciding which responses are correct 
and which ones are not. Heike ( 1969) does not mention how this problem was 
dealt with in his study; he merely states that the number of correct identifica-
tions was assessed by summing the responses which were identical with or 
similar to the expression categories. How similarity was defined he does not 
say. 
Theyssen (1973) used both a forced judgment and a free choice task for 
determining the recognizability of her stimuli. In the free choice session a 
total of 115 descriptive labels were used. These were reassigned to the 
original expression categories by an independent group of subjects. The 
responses obtained by the two procedures manifested similar structures, 
both when subjected to a hierarchical cluster analysis and when processed by 
means of a multidimensional scaling technique (Bouwhuis, 1974). However, 
it appeared that the average recognition rate was considerably lower for the 
free choice task than for the forced judgment task (51% vs. 70%), a conse-
quence of the "noise" introduced by the reassignment of the labels used by 
the listeners to the labels used by the speakers. 
In the eighth and last column of Table 6.1 the mean percentage of correct 
identifications is given for each study. The average accuracy across all studies 
included in the survey is 57%. This is much higher than is to be expected by 
chance since in most studies the subjects had to choose from six to twelve 
alternatives, which corresponds with an accuracy to be expected by chance of 
between 8% and 17%. The average accuracy corrected for chance is 51%, a 
figure which should be compared with an average expected chance percen-
tage of about 12%. Thus, it appears that in general vocally expressed emo-
tions are recognizable well beyond chance. 
An equally general finding, however, and one that is not apparent from the 
survey, has been that the recognizability of different emotions varies 
considerably (a significant effect of the factor emotion is reported, for 
example, in Burns & Beier, 1973; Pfaff, 1954; Reid & Ware, 1971). Since, as 
we have remarked before, almost all recognition data pertain to English 
expressions, we thought it interesting to determine whether the same finding 
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would emerge from a study of Dutch emotional expressions, and, more 
importantly, to see to what extent the differences in recognizability found for 
Dutch are comparable to those which have previously been reported for 
English. 
It is also commonly reported that the rate of recognition may be affected by a 
number of subject variables. Two of these variables, namely cultural distance 
between speaker and listener and age, will be considered in other chapters. In 
the present chapter the effect of the sex of the speaker and the sex of the 
listener will be examined. 
As for the sex of the speaker mostly nonsignificant differences have been 
reported (Dusenbury & Knower, 1938; Levitt, 1964; Levy, 1964; Zuckerman, 
Lipets, Koivumaki, & Rosenthal, 1975). Only Kozel and Gitter (cited in 
Fenster, Blake, & Goldstein, 1977) report a female advantage. These data all 
pertain to American English research. 
The results with respect to the sex of the listener are quite comparable. Hall 
(1978) summarizes the results of seventy-five - American English - studies 
reporting accuracy for males and females at decoding nonverbal communi-
cation in three modalities, namely facial, vocal, and facial and vocal com-
bined. Although on the whole females do better than males, it appears that 
the size of the gender effect depends on the modality investigated. The 
superior performance of the women is most striking in the facial-plus-vocal 
channel, and least obvious in the vocal-only studies. Out of the ten studies in 
which accuracy of adult males and females in identifying vocal expressions of 
emotion is compared, three indicate a significant female advantage and seven 
show no significant differences between the two sexes. 
Thus, in most American English studies on the recognition of vocally 
expressed emotion no significant effect of the sex of the speaker nor of the sex 
of the listener has been found. Very little is known, however, about the 
influence of both the sex of the speakers and the sex of the listeners on the 
identification of non-English expressions of emotion. 
A problem which in our opinion has been unjustly neglected - unjustly 
because it may have consequences for the validity of recognition results - is 
the question of whether the rate of recognition varies as a function of the 
speech material employed. This factor will therefore also be considered. In 
short, the present study aimed at answering the following questions: 
(1) Is there a difference in the recognizability of the different emotions 
examined? 
(2) Is there a difference between males and females in the accuracy with 
which they identify vocal expressions of emotion? 
(3) Is there a difference between males and females in the clearness with 
which they convey emotional expressions? 
(4) Is the rate of recognition affected by the phrase with which the emotions 
are expressed? 
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6.2 METHOD 
Recognition was assessed by means of a forced judgment task in which the 
subjects responded to vocal expressions of emotion by choosing among 
emotion labels. 
6.2.1 Subjects 
Forty-eight subjects, twenty-four males and twenty-four females, took part 
in the experiment. All were language students attending a Teachers' Training 
College in Nijmegen. Their ages ranged between 18 and 28 years, with a mean 
of 20.6 years. The subjects were paid for their participation. 
6.2.2 Speech material 
The speech material consisted of the complete set of 320 stimuli, namely eight 
speakers (four males and four females) X four phrases (daar is ie weer, twee 
maanden zwanger, ze is bij de luchtmacht, zo'n grote Amerikaanse auto) X ten 
emotions (neutral [NE], disgust [DI], surprise [SU], shame [SH], interest 
[IN], joy [JO], fear [FE], contempt [CO], sadness [SA], anger [AN]). (For 
more information on the stimuli, see Chapter 2.) 
6.2.3 Procedure 
The experiment took place in a language laboratory (type Tandberg Teach-
ing System IS 6). Since the laboratory was too small to accommodate all 
subjects at once, they were randomly divided over two groups, either group, 
however, containing an equal number of males and females. After the 
subjects had been seated, each in a separate listening booth, they were first 
offered the four phrases used to express the various emotions in written form 
with the request to indicate with which of the ten emotions they associated 
their verbal content. (For the exact formulation of the instructions for the 
association task, see Appendix B.) 
After the subjects had finished the association task, they heard six practice 
stimuli in order to get acquainted with the recognition task. When it was 
clear that the task was understood, the 320 experimental stimuli were played 
in four blocks of eighty stimuli which had each been put in a random order, 
separately for the male and the female speakers. One group of subjects 
started with a block of female expressions, followed by a block of male 
expressions, a block of female expressions, and a block of male expressions. 
For the other group of subjects the order was reversed. An interstimulus 
interval of 8 seconds allowed the subjects to note down which of the ten 
emotions they thought had been expressed. The subjects were told that any 
emotion could appear any number of times. (For the exact formulation of the 
instructions for the recognition experiment, see Appendix B.) 
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The total duration of the experiment was two hours, including three 
breaks of 10 minutes each between the blocks. 
6.3 RESULTS 
In Table 6.2 the results are presented of the association task. The data in this 
table reveal that there are marked differences in the frequency with which the 
verbal contents of the different phrases evoked associations with specific 
emotional categories. Daar is ie weer was associated most often with disgust, 
surprise, joy, and contempt; twee maanden zwanger with neutral and joy; ze is 
bij de luchtmacht with neutral and interest; and zo'n grote Amerikaanse auto 
with disgust and contempt. 
In order to determine whether the two orders in which the stimuli had been 
presented had had an effect on the recognition scores, a f-test was performed 
on the mean number of correct responses per emotion for either condition. 
No significant difference was found. Therefore, it was decided to make use of 
the combined data in the further analyses. 
In order to answer the four questions formulated in the introduction, a 2 X 4 
X 10 X 2 X 48 analysis of variance (repeated measurements design) was 
carried out with four fixed factors, namely sex of speaker, phrase, emotion, 
and sex of subject, and one random variable, namely subjects. Subjects were 
nested under the factor sex of subject (for details about the design, see note 
1). Input to the program were the numbers of correct identifications for each 
emotion, summed over the individual male and summed over the individual 
female speakers; the input data ranged between 0 and 4. The level of 
significance was set at 5%. 
6.3.1 Factor emotion 
It appeared that the first question, whether there is a difference in the 
recognizability of the different emotions examined, has to be answered 
positively, since there was a significant effect of the factor emotion (F(9,414) 
Table 6.2 Frequency with which the verbal contents of four phrases are associated with ten 
emotions 
Daar is ie weer 
Twee maanden zwanger 
Ze is bij de luchtmacht 
Zo'n grote Amerikaanse 
Total 
auto 
NE 
2 
14 
22 
4 
42 
Dl 
12 
0 
5 
16 
33 
SU 
8 
6 
4 
5 
23 
SH 
0 
2 
0 
0 
2 
IN 
2 
6 
11 
6 
75 
JO 
8 
14 
0 
2 
24 
FE 
1 
2 
0 
0 
3 
co 
12 
3 
6 
15 
36 
SA 
0 
1 
0 
0 
1 
AN 
3 
0 
0 
0 
3 
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= 48.00, £<.001). In the first column of Table 6.3 the uncorrected percent­
ages of correct identification for each of the ten emotions are given. Al­
though a binomial estimate of probability revealed that all emotional 
categories were recognized above chance expectancy (p<.05), it may clearly 
be seen that some emotions, such as surprise, joy, and anger, were identified 
considerably better than others, such as disgust, shame, and contempt. 
Neutral, which is not to be considered as a real emotion, yielded by far the 
greatest number of correct responses. 
Inspection of the values in the second column of Table 6.3 reveals, how­
ever, that not all emotional categories appear as responses equally often, i.e., 
the subjects have manifested a response bias: Neutral, surprise, and 
contempt have been chosen considerably more often than average, whereas 
disgust, shame, interest, and fear have been chosen considerably less often 
Table 6.3 Recognition by Dutch adults: Mean percentages of correct identification, both 
uncorrected and corrected for chance as well as for response bias, and mean percentages of 
responses 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Grand mean 
Uncorrected 
86(1) 
49(10) 
69(4) 
54 (8.5) 
63(6) 
72(3) 
58(7) 
54 (8.5) 
67(5) 
74(2) 
65 
Responses 
117 
84 
127 
75 
87 
99 
88 
121 
101 
100 
100 
Corrected 
for chance' 
84 
43 
66 
49 
59 
69 
53 
49 
63 
71 
61 
Corrected for 
response biasb 
80(1) 
54(9) 
62 (7.5) 
63(6) 
68(4) 
72(3) 
62 (7.5) 
49 (10) 
67(5) 
74(2) 
65 
Note. The numbers in parentheses indicate the rank order positions from 1 = best to 10= worst 
recognized emotion. 
" The percentages corrected for chance have been calculated by means of the formula: 
p(c) - I /n 
ρ = in which 
1 - 1/n 
ρ = % correct corrected for chance 
p(c) = % correct observed 
η = number of alternatives 
ь
 The percentages corrected for response bias have been calculated by means of the formula: 
p(c) + p(c)/p(r) 
ρ = in which 
2 
ρ = % correct corrected for response bias 
p(c) = % correct observed 
p(r) = % responses 
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than average. The bias of choosing a particular category too often tends to 
artificially enlarge accuracy for the biased category; the bias of choosing a 
particular category not often enough has the opposite effect. 
In the third column of Table 6.3 the percentages corrected for chance (see 
note a) are given and in the fourth column the percentages corrected for 
response bias (see note b). The former correction has the advantage of 
enhancing to some degree the comparability of results stemming from exper-
iments with unequal numbers of response categories. 
Finally, in Table 6.3 the rank orders of the recognition of the different 
emotions, based on the raw scores as well as the scores corrected for response 
bias, are also indicated (the rank order of the percentages which have been 
corrected for chance have been omitted since with this correction the original 
rank order of the raw scores is preserved). It may be seen that the correction 
for response bias has either no or not more than a minor effect on the rank 
order positions of most emotions. Exceptions are the rank order positions of 
surprise and shame, the two emotional categories which were characterized 
by the most extreme response biases, surprise dropping from the fourth to 
the seventh-and-a-half position, and shame rising from the eighth-and-a-half 
to the sixth position. 
6.3.2 Factors sex of speaker and sex of subject 
The results of the analysis of variance further revealed that there was no 
significant effect of the sex of the speakers, the sex of the subjects, and the 
interaction between the sex of the speakers and the sex of the subjects on the 
scores (F(l,46) = 2.11 p>.05, F( 1,46) = 2.60, p>.05, and F(1,46) = 0.69, 
p>.05, respectively). This means that the second and third questions have to 
be answered in the negative: There was no difference between males and 
females in the clearness with which they conveyed emotional expressions, 
and there was no difference between males and females in the accuracy with 
which they identified vocal expressions of emotion. 
6.3.3 Factor phrase 
The results of the analysis of variance finally revealed that the fourth 
question, whether the rate of recognition depended on the phrase with which 
the various emotions were expressed, has to be answered positively (F(3,138) 
= 49.68, /rCOO 1 ). Inspection of the cell means showed that on the average the 
emotions expressed with the phrase daar is ie weer were recognized consider-
ably less well than those expressed with the other three phrases, i.e., twee 
maanden zwanger, ze is bij de luchtmacht, and zo'n grote Amerikaanse auto, 
the mean percentages of correct identification being 58, 66, 67, and 68, 
respectively. 
The second order interactions phrase X sex of subject, phrase X sex of 
speaker, and phrase X emotion yielded significant effects as well (F( 1,138) = 
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3.04, ;?<.05, F (3,138) = 8.68, ¿«COI, and F (27,1242) = 15.86, /K.OOl, 
respectively). In all three cases this was mainly due to the "deviant" beha-
viour of the phrase daar is ie weer. While for the other three phrases there was 
virtually no difference between male and female subjects in the number of 
correct responses, and while for those phrases it did not make much diffe-
rence whether they had been produced by a male or a female speaker, with 
respect to daar is ie weer the female subjects did better than the male subjects 
(a mean of 60% vs. 55%) and the male speakers did better than the female 
speakers (a mean of 61% vs. 54%). As to the interaction between phrase and 
emotion it appeared that with daar is ie weer the recognizability of expres-
sions of surprise, shame, interest, and sadness was affected negatively, 
whereas the recognizability of expressions of disgust and fear was affected 
positively in comparison with the rate of recognition of these emotions when 
expressed with the other phrases. 
6.4 DISCUSSION 
6.4.1 Factor emotion 
The present study revealed that although all emotions examined were recog-
nized above chance expectancy, some were considerably easier to identify 
than others. If the uncorrected percentages of correct identification are 
considered, it appears that the recognition of neutral, surprise, joy, and anger 
was relatively easy, whereas the recognition of disgust, shame, and contempt 
was relatively difficult. If the percentages corrected for response bias are 
considered, a slightly different picture presents itself. Then shame is identi-
fied correctly more often than surprise. This outcome makes clear that if the 
response bias is extreme enough, it may have a considerable effect on the 
number of correct identifications obtained. This factor should be taken into 
account when interpreting results from the literature. 
It is impossible to explain the response biases found in the present study. 
They are not significantly correlated with the frequency with which the 
verbal contents of the four phrases (see bottom row Table 6.2) were associa-
ted with the various emotions (r (8) = .47, p>. 10). Neither can the biases we 
have found be accounted for by an occasionally reported tendency of sub-
jects to interpret emotional expressions negatively (Dimitrovsky, 1964; 
Hornstein, 1967), the categories which in our experiment have been chosen 
most often being neutral, surprise, and contempt. 
For determining to what extent our results as to the relative recognizability 
of the different emotions correspond with earlier reported data, the percent-
ages of correct identification, either uncorrected, corrected for response bias, 
or corrected for chance are not a very good basis. As for the uncorrected 
percentages, their unsuitability for this purpose has already been argued 
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above. A comparison cannot be based on percentages corrected for response 
bias since this correction has hardly ever been applied in other studies and 
since the data necessary for its computation are rarely provided. Moreover, 
by comparing percentages corrected for response bias, the fact, for example, 
that the number of response categories is an important factor in determining 
the significance of the number of correct responses, is not taken into account. 
The latter factor is taken into consideration if one compares percentages 
which have been corrected for chance. However, the fact that it is not only 
the number of alternatives but also the specific combination of alternatives 
which plays a role - the more the alternatives are alike the more difficult the 
choice of the right response - is impossible to compensate for since there is no 
objective criterion for assessing the degree of similarity between response 
categories nor an objective measure for expressing it. Moreover, there are 
many other variables which may be expected to affect the percentages of 
correct identification and therewith hamper comparison, such as the manner 
in which the stimuli were obtained (was there a selection or not, and if so, on 
the basis of what criteria), the type of encoders (trained or not), and the 
recognition task (free choice vs. forced choice). 
By comparing the rank orders in which the emotions were recognized 
instead of the percentages correct identification, some but not all of the 
difficulties mentioned above are avoided. It remains problematic, for exam-
ple, that reported rank orders are never corrected for response bias. Also, the 
rank order positions of particular categories may still be affected by the 
presence or absence of specific other categories. Thus, it is to be expected that 
disgust and contempt will each end up higher in the rank order if they occur 
alone than if they occur together in an experiment, since in the latter case 
their rates of recognition will probably be lowered by mutual confusions. 
Also, the general problem remains that in almost every study a different set 
of emotions has been examined (in the twenty-four studies included in the 
survey, a total of sixty-three different categories may be found); no study 
reporting rank orders or data from which rank orders may be deduced, has 
more than six emotions in common with the present study. Another problem 
is that not all emotions have been investigated equally often. Joy, fear, 
sadness, and anger have been studied relatively frequently, each figuring in at 
least fifteen studies. Neutral, disgust, surprise, and contempt have been 
included in at least six studies. Shame, however, has been looked at only 
once, and interest never. Because of all these complications not more than a 
partial and very rough comparison between our results and those obtained in 
other studies is possible. 
In the fifth column of Table 6.1 the rank order positions are given 
separately for those emotions which other experiments and ours have in 
common. Inspection of the data shows that of the eight categories figuring in 
more than one study (as mentioned above, shame and interest have hardly 
ever or never been looked at) only the recognition of neutral and disgust 
manifests a more or less consistent pattern, neutral (four studies) generally 
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occupying a high rank order position (because the distinction between 
non-emotional and emotional speech is of a fundamentally different nature 
than the way in which samples of specific emotional categories are 
distinguished?) and disgust (five studies) generally occupying a low rank 
order position. These outcomes agree with ours. There appears to be some 
pattern, though less consistent, in the rank order positions of joy and sadness 
also, joy (eleven studies) usually being situated in the middle or towards the 
lower end of the rank order (in our study it occupies the third position), and 
sadness (twelve studies) usually being situated in the middle or towards the 
higher end of the rank order (in our study it occupies the fifth position). The 
results for the other four emotions are impossible to summarize. This may be 
illustrated with what has been reported on the recognizability of anger, 
which appeared to be the best recognized primary emotion in five studies and 
the worst recognized primary emotion in three studies (in six studies it 
occupied an intermediate position). In our own study anger is the second best 
recognized emotion, after neutral. The situation for surprise, fear, and 
contempt is comparable. 
It is difficult to estimate which factors are responsible for this lack of 
agreement. Some of the variables mentioned above have certainly played a 
role. Their relative importance, however, can only be guessed. In order to 
gain insight into this problem it would be of great help already if in future 
research more attention were paid to the choice of the emotional categories 
investigated, for example by concentrating on the so-called primary emo-
tions. Restriction, for the time being, to a limited set of primary emotions 
would also facilitate the comparison with the outcomes of research into the 
recognition of facially expressed emotions. It would furthermore be helpful if 
response biases were reported so that possible consistencies in their occur-
rence, and their effect on recognition rates, could be better studied. 
6.4.2 Factors sex of speaker and sex of subject 
In the present study no significant difference was found between males and 
females in the clearness with which they conveyed emotional meaning. This 
finding is consistent with the outcomes of most research in which this 
question has been considered (Dusenbury & Knower, 1938; Levitt, 1964; 
Levy, 1964; Zuckerman et al., 1975). No difference was found in the accuracy 
with which males and females were able to perceive emotional meaning 
either. This finding agrees with the outcomes of most relevant research as 
well (for an overview, see Hall, 1978). Thus, the traditional and prescientific 
idea that women would be superior in the expression and perception of 
emotional meaning is not confirmed by the results of empirical research into 
this question. 
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6.4.3 Factor phrase 
The finding that on the whole the emotions expressed with daar is ie weer 
were recognized significantly less well than those expressed with the other 
three phrases, is not easy to explain. It could be hypothesized that the relative 
lengths of the phrases have something to do with it, daar is ie weer being the 
shortest one of the four, but then the finding that for two emotions this 
phrase yielded the highest number of correct responses remains unaccounted 
for. 
It could also be that the verbal content of daar ¡sie weer was less neutral or 
evoked a stronger association with a few particular emotions than the other 
phrases, thus perhaps hindering the recognition of some emotions and 
facilitating the recognition of others. The association scores given in Table 
6.2 reveal that the subjects did not consider the verbal contents of the four 
phrases to be equally neutral. The data suggest, however, that it is not 
because daar is ie weer was verbally less neutral that it was recognized in a 
different manner, the difference in neutrality with zo'n grote Amerikaanse 
auto being extremely small. In order to determine whether there was a 
relationship between the percentages of times that the verbal content of daar 
is ie weer was associated with a particular emotion and the percentages of 
times that this phrase was correctly identified as the expression of that 
emotion, a product-moment correlation was computed between the two. The 
correlation was extremely low (r = .15). This outcome suggests that the 
answer as to the cause of the deviant recognition behaviour of daar is ie weer 
cannot be found in a specific emotional colouring of its verbal content either. 
Not being able to think of another explanation, we are forced to admit that 
the problem of why this phrase behaved differently than the others remains 
unsolved. 
Since we are not the only ones who have found an unexplainable effect of 
the factor phrase (see, for example, Pollack, Rubenstein, & Horowitz, 1960), 
in future research the speech material used as the carrier for the emotional 
expressions had better not be restricted to one or two phrases. If the number 
is high enough, the differential effect of the various phrases will hopefully be 
averaged out; if not, one could consider discarding the deviant one(s). At the 
same time, the problem in itself is intriguing enough to deserve further 
attention. 
NOTE 
1 The factor sex of subject (I) was tested against subjects within groups, sex of speaker (J) 
against J Xsubj w gr .phrase (K) against К Xsubj w gr .emotion (L) against LXsubj w gr,I 
X J against J X subj w gr , I X К against К X subj w gr , I X L against L X subj w. gr , J Χ К 
against J X К X subj w gr , J X L against J X L X subj w gr , К X L against К X L X subj w. 
gr , I X J X К against J X К X subj w gr ; I X J X L against J X L X subj. w gr , I Χ К X L 
against К X L X subj w gr JXKXLagainst JXKXLXsubj w gr .and.finally.IX JXKX 
L against J Χ К X L X subj w gr 
CHAPTER 7 
Developmental recognition 
7.1 INTRODUCTION 
Chapter 6 dealt with the recognition of vocal expressions of emotion by 
Dutch adults. In the present chapter the developmental recognition by 
Dutch children age З'/г to 11 Vj is considered. 
The first and for a long time only empirical study dealing with the 
development of the recognition of vocally expressed emotions during child­
hood dates from 1927 when Gates tested the ability of 627 American children 
from grades 3 through 8 to identify expressions of surprise, happiness, fear, 
scorn, anger, defiance, pity, suspicion, and unhappiness produced by one 
actress while reciting the letters of the alphabet. Unfortunately, only a brief 
report of this study was published, so very little is known about the results. It 
was not until 1964 that the issue was reopened. In that year Dimitrovsky 
conducted an experiment with a total of 224 children. From that time on 
every couple of years a study on the developmental recognition of vocal 
expressions of emotion has been reported. 
Table 7.1 shows a survey of these studies, listing the number and kind of 
encoders and decoders participating, the speech material used as the carrier 
for the emotional expressions, the number of stimuli offered, the emotional 
categories expressed, and the manner in which the decoders were asked to 
respond. Only those studies have been included in the survey which exa­
mined the rate of recognition of vocal expressions of emotion, either in their 
original form or content masked, encoded by adults or children with the 
same mother tongue as the decoders. Of those studies in which the relative 
recognizability of emotional expressions in different communication chan­
nels was examined, only the data pertaining to the vocal channel are given. 
For the - rare - developmental studies in a cross-cultural setting, we refer to 
Chapter 9. 
It appears from the second and third columns in Table 7.1 that almost all of 
the developmental recognition studies have been conducted in the United 
States, i.e., hardly anything is known about the recognition of non-American 
emotional expressions by non-American children, a situation which is com­
parable to the state of affairs for the recognition by adults (see Section 6.1). It 
may also be seen that most children whose ability to identify emotional 
expressions was examined, were older than 7 years. 
Table 7 1 Survey of studies on the recognition of vocal expressions of emotions by children 
Study Encoders Decoders Speech sample Number of 
stimuli 
Emotions* Emotions'" Task 
Gates, 
1927 
1 Am. 
actress 
627 Am children 
age 8 to 13 
letters of 
alphabet 
Dimitrovsky, 
1964 
Fenster, 
1967 
Fenster & 
Goldstein, 
1971 
Fenster, 
Blake, & 
Goldstein, 
1977 
Maitland, 
1978 
f Am.adults, 
m Am. adults 
Am. children, 
Am. adults 
30m Am. adults, 
30m Am. child­
ren age 10-12 
If Am. adult 
14m Am. and 14Γ 
Am. children 
age 5 to 12 
Am. children 
Am. adults 
30m Am. adults 
30m Am. children 
age 7-9 
30m Am. children 
age 10-12 
groups of 32 m 
learning disabled, 
emotionally dis­
turbed, and normal 
Am. children age 7-11 
and 12-16 
standard 
passage 
? 
standard 
sentence 
9 
24 
60 
surprise 
joy 
fear 
contempt 
anger 
joy 
sadness 
anger 
joy 
fear 
sadness 
anger 
joy 
fear 
sadness 
anger 
defiance 
pity 
suspicion 
unhappmess 
love 
contentment 
love 
contentment 
love 
? 
forced 
judgment 
with 4 stick 
figure 
drawings 
forced 
judgment 
with 6 emot­
ion labels 
forced 
judgment 
with 6 emot­
ion labels 
joy 
sadness 
anger 
boredom 
excitement 
neutral 
Table 7 I (continued) 
Study 
Rechner, 
1978 
McCluskey, 
Niemi, & 
Alblas, 
1978 
Blanck, 
Rosenthal, 
Snodgrass, 
DePaulo, 
Zuckerman, 
1981 
Encoders 
4m Am , 4f 
Am adults 
6m Mexican 
normal child­
ren age 12, 
6m Mexican 
disturbed 
children age 
12 
If Am 
Decoders 
6m Am and 6f 
Am children age 
2·/2 to 7 
20m Mexican normal 
children age 12, 
20m Mexican dis­
turbed children 
age 12 
a) 121m and 129f 
Am children age 9 
to 15, 
46m and 63f Am 
high school stud , 
32m and 49f Am 
college stud 
b) 24m and 24f Am 
children age 11 to 
14 
Speech sample 
lowpass 
filtered 
lowpass 
filtered 
two versions 
lowpass 
filtered and 
random spliced 
Number of 
stimuli 
8 
48 
40 
Emotions 3 
joy 
fear 
sadness 
anger 
joy 
sadness 
anger 
Emotions b 
love 
positive-
dominant, 
negative-
dominant, 
positive-
submissive, 
negative-
submissive 
Task 
forced judg­
ment with 4 
emotion 
labels 
forced judg­
ment with 4 
emotion 
labels 
forced judg­
ment with 2 
situational 
labels 
" emotions also present in our study (joy = happiness, contempt = scorn) 
ь
 emotions not present in our study 
m = male 
f = female 
Am = American English 
stud = students 
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The fourth column reveals that the speech material used as the carrier for 
emotional expressions has been quite varied: Both standard material, either 
meaningless or meaningful, and material of which the verbal content was not 
controlled have been employed. In the latter case, the verbal meaning was 
later removed by means of content masking techniques, either in the form of 
lowpass filtering or in the form of random splicing (for an explanation of 
these techniques, see Section 2.1). We think that the outcomes of studies in 
which these kinds of manipulated speech were used, should be interpreted 
with caution, in the first place because of the possibility that together with the 
verbal content non-verbal information relevant to the recognition of 
emotional meaning may have gotten lost, in the second place because it is not 
clear to what extent the subjects - and this may be particularly important in 
connection with the performance of very young children - have been 
confounded by the strange and uncommon sound of the manipulated stimu-
li. 
From the fifth column it appears that there is a wide range in the number of 
stimuli offered in the various studies. In some studies, for example the ones 
reported on by Fenster an Goldstein (1971), and Fenster, Blake, and Golds-
tein (1977), the relatively short concentration span of young children does 
not seem to have been taken sufficiently into consideration. 
The sixth and seventh columns show that there has been a small but stable 
set of emotions of which the recognizability has been examined: Joy and 
anger have been included in all but one study, and sadness in all but two. Fear 
and love have been considered in several studies as well. The choice of the 
other (emotional or attitudinal) categories investigated, however, makes a 
somewhat haphazard impression. It may also be seen that in most studies no 
more than six different categories have been offered, the only exception being 
the study by Gates (1927). 
From the eighth and last column in Table 7.1 it appears that in all the 
studies reporting how the subjects were asked to respond a forced judgment 
task was used, i.e., a task in which the subjects were given a fixed set of 
alternatives from which to select the one best fitting the emotional portrayal 
presented. In most cases the alternatives consisted of emotion labels, such as 
"happy", "sad", etc. One reason for offering the subjects afixed set of labels 
instead of asking them to describe the stimuli in their own words has to do 
with the limited verbal repertoire of children in comparison to that of adults 
(in Section 6.1 another reason for preferring the forced judgment task over 
the free choice task is given, a reason which is independent of the age of the 
subjects). However, with very young children even the choice among emo-
tion labels might be problematic; that is why these labels have sometimes 
been replaced by pictorial representations of emotions. 
The two main issues investigated in the studies included in Table 7.1 are the 
relative recognizability of negative (= unpleasant) and positive (= pleasant) 
emotions for children, and the developmental recognition of emotions as a 
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function of age. The former issue is not considered in the present study, and 
will therefore not be dealt with. The interested reader is referred to the 
relevant studies (Dimitrovsky, 1964; Fenster, 1967; Fenster & Goldstein, 
1971 ; Fenster, Blake, & Goldstein, 1977; McCluskey, Niemi, & Albas, 1978). 
As for the latter issue, it appears that, at least between age 5 and 10, there is a 
gradual and steady increase in the number of correct identifications with age 
(Dimitrovsky, 1964; Fechner, 1978; Fenster, 1967; Fenster et al., 1977; 
Gates, 1927). After age 10, at least for male subjects, the increase usually 
levels off. After age 20, in any case, no further increase in the number of 
correct responses takes place. On the contrary, both Turner (1964), using 
male subjects between the ages of 20 and 53, and Levy ( 1964), using male and 
female subjects between the ages of 21 and 51, found a significant although 
not very high negative correlation between age and the ability to correctly 
perceive emotional stimuli (r = -.45 and г = -.34, respectively). 
Very little is known about which emotions children tend to confuse with one 
another. Dimitrovsky (1964) is the only study reporting on confusions; she 
found that the confusions that her subjects made can be explained in terms of 
similarity in level of activity. Thus, the active emotions of anger and hap­
piness tended to be confused, as did the passive emotions of sadness and love. 
A similar finding has been reported with respect to the performance of adults 
(Albas, McCluskey, & Albas, 1976). It is thus suggested that both children 
and adults might employ the same dimensions in their categorization of 
vocal expressions of emotion. In view of the paucity of the available data, 
however, especially of data pertaining to confusions made by children, this 
hypothesis is strongly in need of further testing. 
The question as to whether there is a difference in the performance of boys 
and girls has often been avoided by limiting the subjects to boys only. Those 
studies in which subjects of both sexes were included revealed a significant 
female advantage in the decoding of vocally expressed emotions, at least 
between age 6 and 15 (Dimitrovsky, 1964; Fechner, 1978). A female super­
iority was also found by Blanck, Rosenthal, Snodgrass, DePaulo, and 
Zuckerman (1981), who tested the ability of pre-high school and high school 
children at decoding lowpass filtered and random spliced speech samples. 
The speech samples had been derived from a film in which a female acts in 
twenty different emotional situations categorized with reference to four 
different types of emotion, each created by the crossing of two affective 
dimensions, namely positivity/negativity and dominance/submission. 
From the above survey of the literature it appears that 
(a) almost all developmental studies pertain to the recognition of American 
English expressions by American English children, 
(b) in most studies a limited set of emotional categories has been offered, 
(c) in all studies the response categories consisted either of emotion labels 
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or of pictorial representations of emotions; in no study were the two 
types of response categories compared, 
(d) no systematic comparison has been made between the specific confu-
sions among emotions made by children and those made by adults, and 
(e) little is known about the relative performance of boys and girls. 
In the present chapter the recognition of vocal expressions of nine different 
emotions by Dutch children and a group of Dutch adults was examined. 
Specifically, the study aimed at answering the following questions: 
( 1) Can we replicate the finding that the number of correct identifications of 
vocal expressions of emotion increases with age? 
(2) Is there a difference between girls and boys in the accuracy with which 
they respond to vocal expressions of emotion? 
(3) Does the number of correct identifications depend on whether the 
subjects respond by choosing among labels or drawings? 
(4) Are the confusions among emotions made by children similar to those 
made by adults? 
7.2 METHOD 
Recognition was assessed in two ways: by means of a forced judgment task in 
which the subjects responded to the stimuli by choosing among drawings 
("drawing test") and by means of a forced judgment task in which the 
subjects responded by choosing among emotion labels ("label test"). 
7.2.1 Subjects 
Fifty subjects, all native speakers of Dutch, participated in the research. 
There were five age groups, each consisting of five males and five females. 
The kindergarten which the youngest subjects attended and the primary 
school which the second, third, and fourth group attended, were located in 
Wijchen, a suburb of Nijmegen. The subjects in the oldest, fifth group were 
students from the University of Nijmegen. In Table 7.2 the mean age and the 
Table 7.2 Mean age and range for five age groups of subjects 
Age group Level Mean age" Range' 
I 
2 
3 
4 
5 
Kindergarten 
Second form 
Fourth form 
Sixth form 
College students 
5.8 
78 
97 
117 
22 4 
5 6-5 9 
7 6-7 9 
9 6-9 10 
11 3-11.9 
19 8-26 1 
1
 age is indicated in years and months 
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ages of the youngest and oldest subject are given for each of the five age 
groups. 
All five age groups participated in the drawing test; the label test was 
administered to groups 3, 4, and 5 only 
7 2.2 Speech material 
In both experiments use was made of eighteen tape-recorded realizations of 
the phrase daar is ie weer in which the nine emotions of disgust, surprise, 
shame, interest, joy, fear, contempt, sadness, and anger were each expressed 
twice, once by a female speaker and once by a male speaker. These eighteen 
expressions were a subset of the material which has been used in the recogni-
tion experiment with Dutch adults described in Chapter 6 (For more infor-
mation on the stimuli, see Chapter 2 ) Daar is ie weer was selected for use in 
the present experiment despite the fact that on the whole the Dutch adults 
recognized the emotions expressed with this phrase significantly less well 
than the emotions expressed with the other three phrases employed (twee 
maanden zwanger, ze is bij de luchtmacht, zo'n grote Amerikaanse auto) This 
was done because the content of this particular phrase is comprehensible 
even to very young children, and because of the fact that it is the only phrase 
which can be relatively easily fitted mto different context situations (see 
Section 7 2 3) Those realizations of the various emotions - each emotion had 
been produced by four different women and four different men - were 
selected which had been correctly identified by the adults most often: All 
eighteen emotional expressions which were used in the present experiment 
had yielded a percentage of correct responses of more than 60 (with ten 
response categories to choose from), except for the female expressions of 
disgust and surprise, and the male and female expressions of shame and 
interest (see Table 7.3 for the exact percentages) 
Table 7 3 Percentages of correct identification of the stimuli attained by Dutch adults 
Male expression Female expression 
Disgust 92 58 
Surprise 75 58 
Shame 44 50 
Interest 52 40 
Joy 83 94 
Fear 98 90 
Contempt 79 79 
Sadness 79 71 
Anger 98 94 
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7.2.3 Instruments 
In the drawing test the subjects' ability to identify the emotional expressions 
was tested by asking them to respond to the stimuli by choosing among 
drawings which were provided with a brief explanatory text. In this explana-
tion the use of the labels employed in the label test (see Section 7.2.5) was 
avoided. Each drawing depicted a daily event to which an adult could be 
imagined to react by realizing the phrase daar is ie weer with one of the nine 
emotions examined. There were two sets of nine drawings, each related to 
one of the nine emotional categories expressed on the tape. The two sets were 
identical except for the fact that in the one the main figure was a female 
(corresponding with the female voices) while in the other it was a male 
(corresponding with the male voices). The drawings were designed to carry as 
much information as possible (through facial expression, posture, gestures, 
etc.) about the emotion represented. In Figure 7.1 the "female" set is given as 
an example, with underneath each drawing the English translation of the 
matching explanation. 
In order to determine whether the drawings were a clear representation of 
the various emotions, they were offered to a group of ten students, evenly 
divided over both sexes, from the University of Nijmegen before using them 
in the present experiment. This group did not include any of the students 
participating in the present recognition experiment. For the drawing iden-
tification task the subjects received a booklet with on each page one of the 
drawings and accompanying explanations as given in Figure 7.1. For each 
drawing plus explanation they were asked to indicate which one of the three 
emotion labels, combined and ordered in the way described in section 7.2.4, 
fitted best. The students reached a level of correct identification of 100%.' 
7.2.4 Response categories 
Both the drawing and the label test were multiple choice tests with three 
alternatives (we thought it would be too difficult for young children to 
handle the complete set of possible alternatives). Each item consisted of one 
key (the right emotion) and two distractors. The choice of the distractors was 
based on the outcomes of a hierarchical cluster analysis performed on the 
symmetrized version of the full data matrix based on the expressions with 
four phrases, which resulted from the recognition experiment with Dutch 
adults; for the - identical - outcomes of a hierarchical cluster analysis 
performed on the symmetrized version of the data matrix for one phrase, see 
Figure 9.4). From this cluster analysis it appeared that the nine emotions 
which the adults' study and the present developmental study had in common 
could be subdivided into three groups of three "related" emotions each, one 
group comprised of disgust, contempt, and anger; one group comprised of 
shame, sadness, and fear; and one group comprised of surprise, interest, and 
joy. In view of the nature of the emotions contained in each group, one could 
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(disgust) (surprise) (shame) 
Mother thinks it very dirty Mother doesn't understand Mother really feels uncom-
of the filthy dog to shit on how the rabbit managed to fortable when Johnny comes 
the sidewalk again get out of its hutch again in again with a snotty nose, 
especially since a classy aunt 
has called around 
(interest) (¡oy) (fear) 
Mother would like to know Mother is very glad that the Mother finds the big mean 
whether Steve has returned dog has come back dog very frightening 
(contempt) (sadness) (anger) 
Mother thinks it is very low Mother feels very bad when Mother is really mad at the 
and mean of the boy from she sees the sick duckling boy for trampling her 
next-door to tell tales again again garden plants again 
Figure 7 1 Drawings with explanations representing nine emotions 
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say that the cluster analysis yielded a group of negative active emotions, a 
group of negative passive emotions, and a group of positive (or non-nega-
tive) emotions. 
The distractors were selected in such a way that one was always an emotion 
related to the key, whereas the other one was not related to the key. When-
ever the key was a positive emotion the non-related distractor was either a 
negative passive one (2X) or a negative active one ( 1X); whenever the key was 
a negative active emotion the non-related distractor was either a positive one 
(2X) or a negative passive one (IX); whenever the key was a negative passive 
emotion the non-related distractor was either a negative active one (2X) ora 
positive one (IX). Each single key had a fixed set of distractors, i.e., every 
time the key was, for example, disgust, whether in the drawing test or in the 
label test, the one distractor would be anger (an emotion related to disgust) 
and the other one surprise (an emotion unrelated to disgust). The order into 
which the alternatives were put was randomized, but again fixed for each 
single key throughout the two tests. (For more detailed information concer-
ning the particular combinations and the order of the alternatives, see 
Appendix C.) 
7.2.5 Procedure 
In age groups 1, 2, 3, and 4 the experiments took place in a quiet room of the 
school which the children attended. The tests were administered by two 
female experimenters to each child individually. The emotional expressions 
to be judged were played on a portable tape recorder (Uher 4200 Report). In 
age group 5 the experiments took place in a lecture room of the university. 
The tests were administered to the subjects as a group. For the presentation 
of the stimuli use was made of a tape recorder (Revox A77) and loudspeakers 
(Kef RR 104). 
Drawing test 
Each subject judged the same eighteen emotional expressions. The stimuli 
had been randomized, separately for the male and the female speakers. For 
half of the subjects in each of the age groups 1 to 4 the recordings of the 
female voices were played first and those of the male voices second; for the 
other half of the subjects in these groups the order was reversed. The subjects 
in age group 5 all started with the female voices. 
The oral instructions, the style of which varied slightly for the different age 
groups, were about as follows: 
We are very anxious to know how well you are able to tell from someone's 
voice how that person feels. You know that someone sounds completely 
different when he or she is angry than when he or she feels, for example, 
happy. You are going to hear different men and women saying the same 
thing, namely daar is ie weer, in different ways. We would like you to listen 
very carefully to the way in which these words are said. Each time you will see 
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three drawings. We ask you to point to (age groups 1 to 4), mark (age group 
5) the drawing which fits best the sentence you have heard. 
The procedure was practiced by means of three test stimuli. When it was 
clear that the task was understood each subject received a booklet with as 
many pages as there were stimuli. On each page three drawings were presen-
ted, the male version with the male voices, and the female version with the 
female voices, combined and ordered in the way described in Section 7.2.4. 
With the subjects in the age groups 1 to 4 the explanations that went with the 
drawings were presented orally by one of the experimenters, while the other 
one operated the taperecorder and noted down which drawing the subject 
pointed at. With the subjects in age group 5 the explanations were presented 
in written form underneath the drawings that they accompanied. This group 
responded by marking themselves the drawing of their choice on an answer 
sheet. In all five age groups each stimulus was played four times before the 
next one was presented. 
The test took about 20 minutes. 
Label test 
As an informal test had revealed that a number of emotion labels, such as 
shame, interest, and contempt, are generally not known before age 9, the 
label test was carried out in the three oldest groups only. The task was 
administered prior to the drawing test - this means that in age groups 3, 4, 
and 5 the instructions for the drawing test could be offered in an abbreviated 
form - and took about 10 minutes. The procedure followed and the instruc-
tions given were the same as in the drawing test - the subjects in age groups 3 
and 4 took the test individually and the subjects in age group 5 as a group -
except for the fact that the response categories consisted of labels instead of 
drawings, and the fact that the subjects in age groups 3 and 4 instead of 
pointing at the right response category now marked the answers themselves. 
The labels used were walging ("disgust"), verrast ("surprised"), schaamte 
("shame"), belangstelling ("interest"), blij ("happy"), fta«g("afraid"), mi-
nachting ("contempt"), bedroefd ("sad"), and boos ("angry"). The nouns 
were combined with the verb voelen ("to feel") and the adjectives with the 
copula zijn ("to be"). Thus, the subjects would be asked to respond to a 
stimulus by marking one of the following three alternatives: "Does father 
feel contempt?" "Is father happy?" "Is father angry?" 
After the task had been explained by means of three test stimuli, the tape 
recorder was switched on, and the subjects were left to themselves to com-
plete the scoring of the eighteen experimental stimuli. Those subjects in age 
groups 3 and 4 which were to start with the female voices in the drawing test 
now heard the male voices first; for the other subjects in these groups the 
opposite was the case. All subjects in age group 5 started with the male 
voices. 
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7.3 RESULTS 
In order to answer the first two questions formulated in the introduction, i.e., 
whether or not there was an increasing number of correct identifications with 
age, and whether or not there was a difference between males and females in 
the accuracy with which they responded, two analyses of variance (repeated 
measurements design) were carried out, one for the drawing test and one for 
the label test, with three fixed factors, namely age (5 for the drawing and 3 for 
the label test), sex (2), and emotion (9). A factorial design was used with one 
observation per cell. The error term was the residual variance age X sex X 
emotion. Input to the program were the mean numbers of correct responses 
in each age group, separated for emotion and sex of subject. 
7.3.1 Factor age 
The results of the analyses of variance showed that for both the drawing test 
and the label test there was a significant overall effect for the factor age (^(4, 
32)= 10.46, p<.0\ and F(2,16) = 5.20,^<.05, respectively). Inspection of the 
mean number of correct responses in the various age groups (Table 7.6) 
reveals that with chronological age there is a gradual, steady increase in the 
ability to identify emotional expressions. Thus, the first question may be 
answered positively. For both tests the increase up to age 11 is relatively 
smooth. For the label test the increase after age 11 is negligible. For the 
drawing test the curve continues to rise, but only due to the performance of 
the males; the females have stopped making any progress. 
In order to assess which age groups differed significantly from each other 
Tukey's HSD test, an a posteriori comparison test (Kirk, 1968, p. 88 - 90), 
was carried out on the cell means. We adopted a level of significance of 5%. It 
appeared that for the drawing test the differences between age group 2 and 
age group 5, between age groups 1 and 4, and between age groups 1 and 5 were 
significant. For the label test there was a significant difference between age 
group 3 and age group 5. 
Inspection of the number of correct identifications in the different age 
groups per emotion shows that for the drawing test the increase with age is 
mainly due to the growing ability to identify expressions of surprise, shame, 
interest, and contempt (Table 7.4). A binomial estimate of probability, the 
outcomes of which are indicated with an asterisk in the table, revealed that 
surprise, for example, was only identified beyond chance in age group 5, and 
shame only in age groups 4 and 5. 
Nevertheless, it may be seen from the bottom row in Table 7.4 that the 
number of correct scores averaged over emotions is significant for all age 
groups. That, on the whole, even the five-year-olds did better than chance is 
largely due to the fact that with respect to the recognition of joy, fear, 
sadness, and anger the youngest subjects did almost or just as well as the 
older ones. In fact, across all age groups hardly any mistakes were made in 
the identification of these four emotional categories. The data thus suggest 
clear effects of the factor emotion and the interaction between emotions and 
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Table 7 4 Recognition by means of drawings: Number of correct identifications of nine emotions 
in five age groups 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Mean 
Age group 
1 
15*·* 
1 
3 
9 
17*·· 
16· · · 
4 
18· · · 
19*·· 
11.3·· 
2 
9 
7 
2 
10· 
2 0 · · · 
20*·* 
10* 
2 0 · · · 
15·*· 
12.6·* 
3 
14*** 
4 
2 
16**· 
20· ·* 
17·** 
15**· 
17·** 
20· ·* 
13.9*·· 
4 
16· · · 
9 
11·· 
13·· 
2 0 · · · 
18· · · 
14· · · 
19··* 
15·*· 
15 0*·* 
5 
17 · · · 
10* 
11** 
14 · · · 
2 0 · · · 
18*·* 
18*·· 
19·»* 
18·** 
16.2··* 
Note. Maximum score = 20 
* p< 05 
** ρ < .01 
· · · /xC.OOl 
age. This was confirmed by the outcomes of the analysis of variance (F(8,32) 
= 42.26, p<.Q\ and F (32,32) = 2.49, ^<.01, respectively). 
The data in Table 7.4 finally reveal that although the curve of the mean 
number of correct scores in the drawing test continues to rise after the age of 
11, this is due to the increase in correct responses for a very few specific 
emotions, especially contempt and anger. And for these emotions the in-
Table 7 J Recognition by means oflabels: Number of correct identifications ofnine emotions in 
three age groups 
Age group 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Mean 
Note. Ma* 
• p< 
** p< 
· · · p< 
;imum score = 20 
05 
.01 
.001 
15*·* 
11** 
9 
6 
14*·* 
12** 
15*** 
20*·· 
2 0 · · · 
13.7*·· 
18· · · 
16· · · 
14··* 
13*· 
15· · · 
18*** 
11·· 
19· · · 
19·*· 
15 9··-
19··· 
16··· 
12·* 
13·· 
19·** 
18··* 
15 · · · 
18· · · 
16· · · 
16.2·** 
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crease from age group 4 to age group 5 is mainly caused by the fact that age 
group 4 did worse than age group 3. 
The results for the label test offer a similar although not completely 
identical picture (Table 7.5) While the scores for disgust, contempt, sadness, 
and anger are roughly comparable for both tests, the expressions of surprise 
and shame yielded a considerably higher number of correct identifications in 
the label test than in the drawing test, for the expressions of interestjoy, and 
fear the opposite was the case, especially in age group 3. 
7.3.2 Factor sex of subject 
The factor sex of subject did not have a significant effect on the scores, 
neither in the drawing test nor in the label test (F(l,32) = 3AT,p>.05 and F 
( 1,16) = 0.18, p>.05, respectively) This means that from a statistical point of 
view the second question should be answered in the negative, i.e., there is no 
difference between males and females in the accuracy with which they 
responded to the stimuli. Inspection of the mean scores separated for the two 
sexes (Table 7 6), however, shows that while for the label test the scores for 
males and females do indeed hardly differ, for the drawing test there is a 
slight but consistent difference in favour of the females. The female super-
iority is most notable for the children; in the adult group it has been reduced 
to almost nothing. In order to make sure that the absence of a significant sex 
effect for the drawing test was not due to the inclusion of the scores of the 
group of adults, an analyis of variance was carried out on the scores of age 
groups 1, 2, 3, and 4 only. The factor sex of subject still failed to reach 
significance (F (1,24) = 3 84, p>.05). 
7 3.3 Factor test 
A third analysis of variance, with the fixed factors of age (3), test (2), and 
emotion (9), was carried out in order to determine whether the number of 
correct identifications depended on whether the subjects responded by 
Table 7 6 Mean number of correct identifications in different age groups, males and females 
separately and combined, for two tests 
Age 
1 
2 
3 
4 
5 
group Drawi 
Males 
98 
10 8 
122 
12 6 
14 4 
ng lest 
Females 
10 6 
118 
128 
14 4 
14 6 
Males+Females 
10 2 
11 3 
12 5 
13 5 
14 5 
Label 
Males 
_ 
-
124 
14 6 
14 6 
test 
Females 
_ 
-
12 2 
140 
146 
Males+Females 
. 
-
12 3 
14 3 
14 6 
Note Maximum score = 18 
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choosing among drawings or labels A factorial design was used with one 
observation per cell. The error term was the residual variance age X test X 
emotion. Input to the program were the mean number of correct scores for 
each emotion in the drawing and in the label test, separately for each of the 
three oldest age groups. The factor test was not significant (F(l,l6) = 0 01, 
p>.05). This means that the third question must be answered in the negative. 
This is true, of course, for age groups 3, 4, and 5 only. The relative perfor-
mance of the younger subjects could not be compared, since the label test had 
not been administered in age groups 1 and 2. It should be noted, moreover, 
that the negative answer to the third question is only a global one, as appears 
from the significant interaction between test and emotion (F(8,16) = 4 66, 
p< 01); we had already observed that some emotions were identified correct-
ly more often in one test than in the other. 
7.3.4 Confusions 
A chi square test was used to answer the fourth question, i.e., whether or not 
the confusions made by the children were similar to the ones made by adults. 
The chi squares were computed separately for the two tests and the various 
age groups, by subtracting the number of correct responses, summed over all 
subjects and stimuli, from the total number of responses, and by comparing 
the spread of the incorrect scores over the two categories of distractors (one 
of emotions related to the key (=confusions within clusters) and one of 
emotions not related to the key (= confusions between clusters)) with the 
spread based on chance expectancy In all cases Yates' correction for conti-
nuity was applied (Ferguson, 1976, p. 201-202). The outcomes are presented 
in Tale 7.7. 
Table 7 7 Number of confusions within and between clusters of emotions for various age groups 
in two tests 
Age group Within Between Chi square3 
Drawing test 
22 13 96* 
15 19 34· 
5 33 28· 
7 20 00· 
5 17 86· 
Label test 
3 
4 
5 
48 
28 
33 
9 
9 
1 
25 33· 
8 76* 
30 12· 
a
 df= 1 for each group 
* p< 01 
56 
52 
48 
38 
30 
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All eight chi squares computed were significant at the 1% level. Thus, the 
fourth question has to be answered in the affirmative: For both tests the 
confusions made by the children were similar to the ones made by adults, 
both when the performance of the children (age groups 1 to 4) is compared 
with the performance of the adults (age group 5) in the present study, and 
when the performance of the children is compared with the performance of 
the adults in the recognition experiment on which the distinction between the 
two kinds of distractors was based. Both children and adults confused 
positive emotions far more often with one another than with active negative 
or passive negative emotions; active negative emotions were confused with 
one another far more often than with passive negative or positive emotions; 
and passive negative emotions were confused with one another far more 
often than with active negative emotions or positive emotions. 
Inspection of the confusions further revealed that, for the drawing test, of 
the total of forty-nine confusions which were made in age groups 1, 2,3, and 
4 among emotions not belonging to the same cluster twenty-two concerned a 
confusion between a positive and an active negative emotion, seventeen a 
confusion between an active negative and a passive negative emotion, and 
ten a confusion between a passive negative and a positive emotion. A chi 
square showed that the distribution of these confusions did not differ signifi­
cantly from chance (χ2 (2) = 3.72, p>. 10). The summed data for the label test 
were 10, 7, and 1, respectively. For this distribution chi square was not 
significant either (χ2 (2) = 5.45, p>.05). For the combined data of the 
drawing test and the label test, however, chi square did prove to be significant 
(X2 (2) = 9.09, p<.02). Since all positive emotions included in the present 
study may be considered to be active rather than passive, this means that 
there is a tendency for confusions by children to be characterized by similari­
ty in level of activity rather than by similarity in evaluative meaning. It may 
further be noted that confusions among (active) positive emotions and 
passive negative emotions occurred by far the least often. 
7.4 DISCUSSION 
7.4.1 Factor age 
The results of the present study showed a gradual but steady increase in the 
mean number of correct identifications with age, both when the subjects 
responded by choosing among drawings and when they responded by choos­
ing among labels. The finding of a growing sensitivity to vocal expressions of 
emotion as a function of age is consistent with the results of all developmen­
tal research into emotions in which this question has been considered to date 
(Dimitrovsky, 1964; Fenster, 1967; Fenster, Blake,& Goldstein, 1977; Gates, 
1927; Maitland, 1978; McCluskey et al., 1975; Scherer & Oshinsky, 1977). 
This general finding also parallels what is known about the development of 
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sensitivity to facial expressions of emotion (Dickey & Knower, 1941; Gates, 
1923: Gitter, Mostofsky, & Quincy, 1971;Odom&Lemond. 1972;Maitland. 
1977; Wiggers, 1977). 
The fact that the mean number of correct identifications in the group of the 
five-year-olds already exceeded chance, a finding also reported by Dimi-
trovsky (1964), suggests that the recognition of vocally expressed emotions 
starts at a very early age (see Chapter 8). Our findings are not conclusive 
about whether or not the sensitivity after age 11 further increases, since it did 
so for the males but not for the females, at least in the drawing test. The label 
test showed virtually no further progress after this age at all. 
However, the data with respect to the average performance in each age 
group are not very informative and possibly even misleading, the increase in 
the mean number of correct responses being due for a large part to a growing 
sensitivity to a few specific emotions, particularly surprise, shame, interest, 
and - in the drawing test - contempt. With respect to the expressions of disgust, 
joy, fear, sadness, and anger the five-year-olds did almost just as well as the 
adults. In fact, it appears that it is largely the stimuli that had been relatively 
hard for the group of adults to identify (see Table 7.3) that made it possible in 
the present experiment for the age effect to show up. It could be that after age 
11 the increase in the number of correct responses would have continued, or, 
in other words, that there would have been less of a ceiling effect, if the 
realizations of the other emotions had been more ambiguous too, or if more 
difficult emotional categories had been selected for study. Of course, in that 
case there would have been the risk that the youngest subjects would not have 
been able to demonstrate their abilities. 
It is probably very difficult to develop a test which can discriminate over 
the complete age range from early childhood to adulthood. Perhaps a 
solution should be sought not so much in adapting the stimuli but rather in 
adapting the kind and number of alternatives among which to choose. In the 
present study the rationale behind opting for a three choice test was based on 
the - limited - cognitive capacities of the youngest subjects. And inspection of 
the number of "between" confusions (see Table 7.7) reveals that indeed for 
the five- and seven-year-olds the test has functioned as such. The older 
subjects, however, hardly ever responded by choosing an emotion which was 
not related to the key; for them the test may have functioned as a two choice 
test or as a two-step two choice test in which the chance of success in the first 
step was much greater than 50%. In fact, the data in Table 7.7 suggest that 
much of the growing sensitivity of the younger subjects may be traced back to 
learning to identify the unrelated distractor as an unlikely label for the 
stimulus offered. Once this capacity has been acquired - in our experiment 
somewhere between the seventh and ninth year of age - discrimination is 
further refined to distinguish between the related alternatives. More insight 
into this process could be gained by conducting parallel experiments in which 
the same stimuli were offered with differing numbers and combinations of 
response categories. 
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It is difficult to compare our findings with those obtained in previous 
developmental research into vocal expressions of emotion, firstly because the 
emotional categories examined in those studies coincide only partially with 
the ones examined in the present study, and secondly because only in a few 
cases data with respect to individual emotions have been reported. It ap-
pears, in any case, that in the study by Fenster et al. (1977), in which a 
significant age effect was found in a combined analysis of variance, the 
increase in the mean number of correct identifications was mainly due to a 
growing sensitivity to a few specific emotions as well. Of the separate 
analyses of variance performed on the scores of each of the six emotions 
studied (happiness, contentment, love, fear, sadness, and anger) only two 
revealed a significant age effect, namely fear and sadness. For the other four 
emotions the performance of the youngest age group (age 7-9) was compara-
ble to that of the adults. With regard to the emotions of anger and happiness 
these outcomes are consistent with ours. But then, the findings for fear and 
sadness are not. 
Dimitrovsky (1964), who studied happiness, love, sadness, and anger, also 
found some evidence of interaction between age and emotion. However, in 
her study a possible ceiling effect, which was most obvious for happiness, 
sadness, and anger, was only apparent from age 9 on. The fact that for these 
emotions in the present study a ceiling effect was found at an earlier age may 
have to do with the extensive selection procedure to which our speakers and 
stimuli had been submitted (see also Sections 2.2.1 and 2.2.4). In Dimitrovs-
ky's study there had been a selection too, but it is not clear according to 
which criteria. In the study by Fenster et al. (1977) the stimuli had not been 
edited. Moreover, in the latter experiment the speakers had been asked to 
express a mild degree of the respective emotions. Thus, it could be that the 
expressions in the present experiment were more extreme and less ambiguous 
than those in the studies by Dimitrovsky (1964) and Fenster et al. (1977), thus 
making it easier for all age groups to identify the emotions correctly. 
It is interesting to note that the relative recognizability of the various 
emotions as appearing in the present study is in accord with the results of 
developmental studies on the recognition of facially expressed emotions. In 
those studies it was also found that joy, fear, sadness, and anger are 
recognized at an earlier age than, for example, shame and contempt (Gates, 
1923; Izard, 1971; Wiggers, 1977). 
7.4.2 Factor sex of subject 
In the present study no significant effect was found of the factor sex of 
subject, neither in the drawing test nor in the label test. This finding is 
inconsistent with findings reported earlier of a significant female advantage 
in the decoding of vocal expressions of emotion during childhood (Dimi-
trovsky, 1964; Fechner, 1978). From this it follows that our findings do not 
confirm certain hypotheses which have been put forward to explain the 
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supposedly greater sensitivity of girls, such as the hypothesis formulated by 
Dimitrovsky (1964) and the one formulated by Blanck et al. (1981). 
Dimitrovsky (1964) speculates that "one might expect preschool boys and 
girls to show little or no difference in a variable such as emotional sensitivity, 
but gradually with age, as the cultural expectations that a girl is sensitive and 
intuitive and a boy is active and Objective' play an increasingly important 
role in development, one would expect greater differences in the degree to 
which boys and girls attend to emotional stimuli and thus acquire skill in 
discriminating emotional expressions" (p. 84). Dimitrovsky bases her ideas 
on the fact that in her experiment the five-year-olds were the only group in 
which the boys did better than the girls, and the fact that after age 10 the 
curve for the girls continued to rise while that for the boys did not. 
Blanck et al. (1981) formulated a different hypothesis. They claim that 
with regard to the variable sex of subject a distinction should be made 
between different channels of communication. They therefore examined the 
recognition of four types of nonverbal cues (face, body, voice, mixed), 
arranged from the most controlable channel to the least controllable (most 
"leaky") one, in three age groups, namely pre-high school students, high 
school students, and college students. The outcomes confirmed their hypo-
thesis that as age increases females lose more and more of their advantage for 
the more leaky channels (voice and mixed), while gaining more and more of 
their advantage for the less leaky channels (face and body). Blanck et al. 
believe that as women grow older they politely refrain from decoding effecti-
vely the less controllable cues of emotional communication because they 
learn through experience that it damages social relationships if one is too 
skillful at decoding nonverbal messages that one is not intended to receive. 
Blanck et al. thus agree with Dimitrovsky that during childhood girls will do 
better than boys; unlike Dimitrovsky, however, they predict a decrease in the 
ability of females to decode vocal expressions of emotion with age. 
Since in our study no significant difference in favour of the girls was found, 
neither of the two above mentioned hypotheses is confirmed. Moreover, we 
find both hypotheses very vague and speculative. We have the impression 
that one is sometimes too quick to use sex role standards, which themselves 
are still in need of further investigation, as a panacea for the explanation of 
results which otherwise might be difficult to interpret. 
7.4.3 Factor test 
Our study did not reveal a significant overall difference between the perfor-
mance of age groups 3,4, and 5 on the drawing test and their performance on 
the label test. This outcome suggests that, generally speaking, for these age 
groups the emotion labels had a clear meaning and that the concrete situatio-
n-al cues contained in the drawings did not provide any extra information. 
There are several reasons to assume that a different outcome would have 
been obtained if the performance of the younger subjects had been compar-
по 
ed. In the first place, an informal test had revealed that certain emotion 
labels, such as shame, interest, and contempt - labels for which a simpler 
synonym is hard to find - were generally not known to the five- and seven-
year-olds. It may be confidently assumed that this deficit would have negati­
vely affected their performance on the label test, had it been administered to 
them. In the second place, there have been a number of developmental 
studies on the recognition of facially expressed emotions which have shown 
that younger children do better with the drawing method than with the label 
method (Dashiell, 1927; Wiggers, 1977). Interestingly enough, Wiggers' 
finding that up to age 8 his subjects did better with the drawing method 
whereas the nine-year-olds did better with the label method, suggests that age 
9 is indeed crucial in this respect, and that from that age on, at least in a 
formal recognition task, situational information is redundant. 
On the other hand, although there was no overall difference between the 
performance on the drawing test and the label test, the significant interaction 
between test and emotion revealed that some emotions, particularly interest, 
joy, and fear in age group 3, yielded a higher score with the drawing method 
whereas other emotions, particularly surprise and shame, yielded a higher 
score with the label method. The former outcome suggests that, at least for 
the three emotions in question, the nine-year-olds still inferred a more 
complete picture of which emotion was represented from the drawings than 
from the labels. The latter outcome seems harder to explain since in the 
drawing identification task (see Section 7.2.3) administered to adults the 
drawings had been matched correctly with the labels 100% of the time. It thus 
does not seem very likely that it was unclear to the subjects which emotions 
the drawings represented. 
Perhaps some remarks made by Brown (1980) are relevant in this context. 
Brown argues that a number of recognition studies did not really measure 
judgment accuracy, especially those in which the speakers were offered a 
context of situation (text or scenario) - a context of situation designed by the 
experimenter - in which to produce a certain emotion, while the listeners were 
asked to attach emotion labels to the utterances thus produced. He states 
that "in the strictest terms, a true accuracy study would allow judges to read 
the scenarios and then judge which utterance is the result of portraying which 
scenario, since the ultimate definition of what emotion each actor is por­
traying is in the content of the scenario, not in the emotion label applied to it 
by the experimenter" (p. 240). 
Following the same line of reasoning in the present experiment, the label 
test measured true judgment accuracy since both speaker and listener 
proceeded on the basis of emotion labels. For the drawing test, however, true 
judgment accuracy would only have been assessed if the utterances offered 
had been realized with a view to matching the drawings. As it is now, speaker 
and listener may have had rather diverging ideas in mind while carrying out 
their task, since the former was offered an emotion label which he or she was 
free to interpret the way he or she wanted whereas the interpretation of the 
I l l 
latter was determined and probably restricted by the context of situation 
represented by the drawings, a context which had been designed to fit the 
particular meaning of the phrase daar is ie weer. There is, in other words, a 
good chance that for some emotional categories the meaning expressed in the 
utterances did not completely match the meaning expressed by the drawings. 
However, why this would have affected the expressions of surprise and 
shame more than those of the other emotions remains unclear. 
The above considerations indicate that in order for the results of develop-
mental recognition experiments to be valid - and this is especially relevant to 
studies in which very young children serve as subjects - careful attention 
should be given to the construction of the response categories. It seems that 
in research into vocally expressed emotions one has a choice between three 
types of response categories: emotion labels, stylized drawings or pictures of 
facial expressions, and situational representations. As for emotion labels, it 
has been reported (Amen, 1941, cited in Gilbert, 1969) that "simple" labels, 
such as "happy", "scared", "sad", and "mad", already occur in children's 
vocabulary at age 4. With respect to other labels we know of no systematic 
observations. If any of these more "complex" labels are used, it seems wise, 
therefore, to check the subjects' knowledge before the recognition experi-
ment is conducted. It has to be admitted that with very young children who 
are not able to read or write this is in itself a difficult problem. 
If, in one way or another, the subjects' knowledge of (some of) the emotion 
labels should prove to be insufficient, the researcher could opt to use stylized 
drawings or pictures of facial expressions. Again, the appropriateness of 
these would have to be tested independently. Apart from the practical 
problem that research into the recognition of facial expressions has convin-
cingly shown that for a number of emotions it will be almost impossible to 
find unambiguous representations, we envisage the problem of deciding 
which testing method to use, the choice of emotion labels as response 
categories not being available at this point. 
A third alternative is the use of situational representations, such as the 
ones used in the drawing test in the present experiment. If this alternative is 
chosen, it should be realized that the possibility of constructing appropriate 
situational response categories is heavily dependent upon the nature of the 
verbal content of the speech material used as the carrier for the emotional 
expressions. The more specific this emotional content, the more restrictions 
will operate on the concrete context of situation in which it may fit, and the 
greater the chance that the emotional meaning inferred from the context 
constructed is narrowed down to only one or a few emotional aspects, or 
biased towards a particular degree of emotional intensity. Morover, if the 
remarks made by Brown are to be taken into account, the speakers would 
have to produce their expressions with a view to matching the situational 
representations. Of course, then the results of the subsequent recognition 
experiment could no longer be interpreted as information about the accuracy 
of identification of broad emotional categories. 
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7.4.4 Confusions 
The outcomes of the present study finally revealed that the confusions made 
by children are similar to the ones made by adults: Both tend to make 
confusions within each of the three clusters distinguished, namely a positive 
one, comprising surprise, interest, and joy; an active negative one, compri-
sing disgust, contempt, and anger; and a passive negative one, comprising 
shame, fear, and sadness. These findings suggest that the categorization of 
the stimuli may be accounted for by the functioning of at least two distinc-
tions, namely passive vs. active and negative vs. positive. 
For both tests, in those cases in which confusions among emotions not 
belonging to the same cluster are made, (active) positive and active negative 
emotions are confused with one another slightly more often than are passive 
negative and active negative emotions. This could perhaps be regarded as an 
indication that in the categorization similarity in level of activity is assigned a 
somewhat heavier weight than similarity in evaluative meaning. Our findings 
would then be consistent with the outcomes of the developmental study 
conducted by Dimitrovsky (1964), which revealed that the emotions of 
happiness and anger, and those of love and sadness, were confused more 
often with one another than happiness and love, and anger and sadness. 
However, in our experiment the numerical data in support of this interpreta-
tion are not very strong - not by far as strong as in Dimitrovsky's study - and 
relate to active emotions only, passive positive emotions not being included. 
The fact that (active) positive emotions and passive negative emotions were 
hardly ever confused suggests that in the categorization of the various 
emotions both distinctions have played an important, and fairly independent 
role. 
NOTE 
1. An optimal test of the clearness of the drawings plus explanations would have involved 
the use of children as subjects (this would only have been possible with older children, the 
meaning of a number of the emotion labels generally not being known before age 9). On the 
other hand, on the basis of the 100% correct identification attained by the adults, we think it may 
confidently be assumed that for children also the drawings plus explanations must have been 
fairly easy to interpret. 
CHAPTER 8 
Recognition by toddlers 
8.1 INTRODUCTION 
In the developmental recognition study reported on in Chapter 7, a binomial 
estimate of probability revealed that the emotions of disgust, joy, fear, 
sadness, and anger were identified by five-year-olds significantly (p<.01) 
more often than chance (at least fourteen out of twenty times with three 
response categories to choose from). It further appeared that the recognition 
of the expressions of interest failed to reach significance at the 5% level by 
one score, and that the expressions of surprise, shame, and contempt yielded 
very low numbers of correct responses. These findings indicate that, by the 
age of five, with respect to the recognition of at least a number of emotional 
categories children must already have undergone a fair amount of develop-
ment. Dimitrovsky (1964), who examined the developmental recognition of 
happiness, sadness, love, and anger, came to the same conclusion on the basis 
of her finding that the five-year-olds as a group did significantly better than 
chance. 
Dimitrovsky's suggestion that the question of sensitivity to vocally expres-
sed emotions before the age of five be investigated, was not taken up until 
1978 when Fechner set up a study to investigate the development of the 
recognition of happiness, fear, sadness, and anger in three modalities, name-
ly the face, gestures, and the voice. Among the subjects, twelve three-year-
olds (six males and six females) and twelve 2'/^-year-olds (six males and six 
females) were included. As for the vocally expressed emotions, each subject 
heard the lowpass filtered versions of four male and four female expressions 
of each of the four emotional categories investigated. The instructions used 
were, "Tell me if this person is happy, scared, sad, or mad". 
The information provided on the outcomes of the study is scanty. Fechner 
reports that the 2,/2-year-old children did not understand the task, without 
specifying what exactly caused the problems. It could be that the labels 
among which the children had to choose were not clear; it could also be that 
the subjects were confounded by the sound of the filtered stimuli. With 
regard to the age at which the emotional expressions were correctly identi-
fied, Fechner states at one point that "the children recognized voice tones 
above chance at age 4" (p. 2568) and at another that "voice tones [were] not 
[recognized] till age 6" (ibid.). A few lines further it then appears that the girls 
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recognized the vocal expressions of fear at age 3, two years sooner than the 
boys. It is finally observed that the girls did significantly better than the boys. 
However vague and even contradictory these statements may be, it seems 
justified to conclude that in Fechner's study at age 2Ч
г
 and 3 most of the 
emotional expressions were not correctly identified, and that there was a 
gender-difference in favour of the girls. The latter finding agrees with the 
hypothesis put forward by Blanck et al. (1981); it does not fit in with the 
hypothesis put forward by Dimitrovsky (see Section 7.4.2). 
In the present chapter a recognition study is presented in which a group of 
ЗУг-уеаг-оІгів, evenly divided over both sexes, served as subjects; it differs 
from Fechner's study in that the stimuli were not manipulated, that the 
subjects had to respond by choosing among drawings instead of labels, and 
that six instead of four emotional categories were offered. 
The questions which the present study tried to answer may be summarized 
as follows: 
(1) Are З'/г-уеаг-оМ children able to identify vocal expressions of emotion 
beyond chance expectancy? 
(2) Is there a difference between З'/г-уеаг-оШ girls and З'/з-уеаг-оШ boys in 
the accuracy with which they identify vocal expressions of emotion? 
(3) Are the confusions made by S'/j-year-old children similar to the ones 
made by adults? 
8.2 METHOD 
Recognition was assessed by means of a forced judgment task in which the 
subjects responded to the stimuli by choosing among drawings. 
A 2.1 Subjects 
Ten children, five girls and five boys, attending three different day-nurseries 
in and around Nijmegen, participated in the experiment. All were native 
speakers of Dutch. The mean age was 3.6 years, the youngest child was 3.3 
years and the oldest one 3.8 years. 
8.2.2 Speech material 
Use was made of twelve tape-recorded realizations of the phrase daar is ie 
weer, with which the six emotions of disgust, interest, joy, fear, sadness, and 
anger were each expressed twice, once by a female speaker and once by a 
male speaker. These twelve expressions were a subset of the eighteen expres­
sions which served as stimuli in the developmental study described in Chap­
ter 7. (For the motivation behind the choice of the phrase and the eighteen 
stimuli, see Section 7.2.2; for general information on the stimuli, see Chapter 
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2.) The number of stimuli was reduced from eighteen to twelve because of the 
shorter concentration span of the subjects used in the present study. The 
choice of the particular emotional categories to be omitted was based on the 
responses of the five-year-olds participating in the developmental study. In 
this group the number of correct identifications of surprise, shame, and 
contempt was so low that the presentation of the expressions of these 
emotions to even younger children did not seem to make much sense. 
8.2.3 Instruments 
The response categories consisted of two sets of drawings, each related to one 
of the six emotions studied. In one set the main figure was a male (correspon-
ding with the male voices) and in the other one a female (corresponding with 
the female voices). The drawings were identical with the ones used in the 
drawing test of the developmental study reported on in Chapter 7, except, of 
course, for the fact that the emotions of surprise, shame, and contempt were 
not represented. The explanations that went with the drawings were exten-
ded and changed in order to match the terminology and style commonly 
adopted when speaking to three-year-olds. In Figure 8.1 the "male" version 
of the drawings is presented with underneath the English translation of the 
matching explanations. 
8.2.4 Response categories 
For each stimulus the subjects responded by choosing among three drawings 
plus explanations. These drawings were combined according to the method 
used in the developmental study (see Section 7.2.4). Thus, there would 
always be one drawing which was the key (the right emotion), one which 
represented an emotion related to the key, and one which represented an 
emotion not related to the key. Of course, since the number of emotional 
categories had been reduced from nine to six, the specific combinations were 
different. The other conditions, that each single key had a fixed set of 
distractors and that the order in which the alternatives were put was random 
but again fixed for each single key throughout the test, were maintained. In 
short, there were six combinations of alternatives (see Appendix D), which 
each occurred twice in the test, once for the female expressions and once for 
the male expressions. 
8.2.5 Procedure 
The test was administered by two female experimenters in a quiet room of the 
day-nursery which the subjects attended. Prior to the test all children present 
in the day-nursery were taken to the experimentation room where the 
functioning of the tape recorder (Uher 4200 Report) was demonstrated by 
playing some emotional expressions realized by the same speakers as used in 
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(disgust) (interest) (joy) 
Daddy thinks it verty dirty 
that the filthy dog is shitting 
again Look at daddy's face 
Yich, such a dirty dog 
Daddy hears the garden 
gate and wonders if that's 
Johnny coming back from 
school Look at daddy's 
face 'Mm, I wonder if 
that's Johnny", father 
thinks 
Daddy is really glad that the 
dog has come back home 
Look at daddy's face, how 
happy he feels Hip, hip, 
hurrah, the dog has come 
back 
(fear) (sadness) (anger) 
Daddy sees the big mean 
wolf coming around the 
comer again Look at 
daddy's face, how scared he 
is Oh my god, there's the 
wolf Look at his teeth 
Daddy feels like crying 
when he sees the poor 
duckling again Its foot is 
badly hurt Look at daddy's 
face, how sad he feels Oh, 
what a poor duckling 
Daddy finds it very naughty 
that Steve is trampling on 
his plants He does it all the 
time Look at daddy's face, 
how angry he is Humph, 
such a naughty boy 
Figure 8 1 Drawings with explanations representing six emotions 
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the experiment proper but not comprised in the test material. The drawings 
were also shown. Thus, the whole group had some idea of what was going to 
happen to the children which, on the basis of their date of birth, had been 
selected as subjects. 
The ten subjects were tested individually. The stimuli had been put in 
random order, separately for the male and female speakers. For half of the 
subjects the recordings of the female voices were played first and those of the 
male voices second; for the other half of the subjects the order was reversed. 
Since too much theoretical information on the task beforehand would have 
been confusing, the preliminary instructions, which were given by one of the 
experimenters while being seated next to the subject, were kept very short. 
They were as follows, "Look at these drawings. In each of them you see a 
mommy and a daddy. They are the same mommy and daddy you just heard 
on the tape recorder. Now they are going to say some more things. Listen 
very carefully and try to find out how they feel, whether they are happy, or 
sad, or perhaps scared . . . " 
The task was practiced by means of three test stimuli. It soon appeared 
that some subjects experienced problems if the experimenter tried to force a 
choice among the drawings by asking, for example, "Is it this mommy, or is it 
this mommy, or is it this mommy?" (pointing at the different drawings). In 
other words, the subjects seemed to be confused by or-or questions. The 
strategy which worked best, and which was consistently applied during the 
scoring of the twelve experimental stimuli, was the following: First, one 
experimenter explained the three drawings. After the stimulus had been 
played three times she then asked, "Guess which mommy/daddy it is" or 
"Point at the mommy/daddy on the tape" or "Which drawing is it?" Finally, 
the stimulus was played a fourth time, after which the child was prompted to 
make a choice. 
When it was clear that the task was understood - much to our surprise all 
subjects that had been selected for participation in the experiment seemed to 
grasp what was expected of them - the twelve experimental stimuli were 
played. One experimenter kept repeating the explanations with each draw-
ing. However, after the first six stimuli had been presented a reduced form 
was used in order to avoid boredom and fatigue (by then the subjects knew 
the explanations almost by heart). The other experimenter operated the tape 
recorder and noted down which drawing the subjects pointed at. The test 
took 20 minutes. 
8.3 RESULTS 
In Table 8.1 the total number of correct identifications is given for each of the 
six emotions studied, for the girls and the boys separately, and for the girls 
and the boys together. A binomial estimate of probability was used to 
determine whether the various emotions were identified beyond chance 
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expectancy. It may be seen from Table 8.1 that for the total group each of the 
six emotional categories was correctly identified at a level of significance 
beyond 5%. Thus, the first question formulated in the introduction, as to 
whether S'/i-year-old children are able to identify vocal expressions of emo­
tion beyond chance, has to be answered positively. 
The data in Table 8.1 further reveal that on the whole the difference in 
recognition rate between girls and boys is negligible, except, perhaps, for the 
emotion of anger, which was recognized by the boys twice as often as by the 
girls. The outcome of a t-test on the mean number of correct scores per 
emotion separated for the two sexes was not significant. Thus, the second 
question, as to whether there is a difference between З'/г-уеаг-оШ girls and 
S'/j-year-old boys in the accuracy with which they identify vocal expressions 
of emotion, has to be answered negatively. 
In order to answer the third question, as to whether the confusions made by 
the toddlers were similar to the ones made by adults, use was made of a chi 
square test to which Yates' correction for continuity was applied (Ferguson, 
1976, p. 201-202). It appeared that when making a mistake the children chose 
significantly more often (χ2 (2) = 6.88, p<. 01) the distractor related to the key 
than the distractor not related to the key (thirty and twelve times, respective­
ly). Since the relationships among the emotions had been based on the 
classificatory behaviour of adults, it may therefore be concluded that the 
third question has to be answered positively: B'/i-year-olds tend to make 
confusions within the same clusters as adults. 
Inspection of the confusions further revealed that out of the twelve times 
that an emotion was mistaken for one not belonging to the same cluster, eight 
related to confusions among positive and active negative emotions, three to 
confusions among positive and passive negative emotions, and one to a 
Table 8.1 Number of correct identifications of six emotions by З'/г-уеаг-оМ children 
Disgust 
Interest 
Joy 
Fear 
Sadness 
Anger 
Mean 
Males 
4 
6· 
7·* 
6* 
10··* 
8*· 
6.8* 
Females 
6· 
5 
6· 
6* 
10 · · · 
4 
6.2· 
Males+Females 
10· 
11·· 
13·· 
12*· 
2 0 · · · 
12·· 
13·· 
Note. The maximum score for the left and middle columns = 10, the maximum for the right 
column = 20 
• p< 05 
· · ρ < .01 
·* · /><.001 
119 
confusion among a passive negative and an active negative emotion (χ 2 = (2) : 
4.68, .05<φ<. 10). Since the positive emotions included in the present study 
may be considered to be active rather than passive, this means that if 
confusions between clusters are made there is a tendency for them to be 
characterized by similarity in level of activity rather than by similarity in 
evaluative meaning. 
8.4 DISCUSSION 
The present experiment revealed that S'/j-year-olds are able to correctly 
identify the vocal expressions of disgust, interest, joy, fear, sadness, and 
anger beyond chance expectancy. The expressions of sadness were even 
identified correctly 100% of the time. This means that Dimitrovsky's (1964) 
assumption that children have already undergone a fair amount of develop­
ment in the recognition of vocally expressed emotions before age 5 is confir­
med. It may even be stated that the ability to distinguish vocal expressions of 
at least the six emotions studied in the present experiment must be acquired 
before age З'/з. With respect to vocal expressions of emotion this is the 
earliest age reported to date. 
With respect to facial expressions of emotion, Fechner (1978) found that 
happy, sad, mad, and scared expressions were fully recognized at age 3. 
There are even indications that four-month-old infants are able to distin­
guish happy from angry and neutral expressions (LaBarbera, Izard, Vietze, 
& Parisi, 1976), and that three-month-old infants are able to distinguish 
surprise from happy and, sometimes, from sad expressions (Young-Browne, 
Rosenfeld, & Horowitz, 1977). In the last two experiments discrimination 
was assessed by using some kind of visual fixation measure. Of course, in 
research into vocally expressed emotions this method is ineffective. This 
might be one of the reasons why experimental studies in this area have been 
limited to older children. 
No significant overall difference was found between the performance of the 
З'/г-уеаг-оМ girls and the 3l/2-year-old boys. This finding does not agree with 
the finding reported by Dimitrovsky (1964) that in her experiment the 
five-year-old boys did better than the girls, nor with the finding reported by 
Fechner (1978) that between age l1^ and 7 the girls did significantly better 
than the boys. The inconsistency of the results and the fact that in each study 
only a few subjects were included make it hazardous to draw any conclu­
sions. The data being so scanty, we also think it premature to evaluate the 
theories which have been put forward in the past either to account for the 
absence of a female advantage (Dimitrovsky, 1964) or the presence of a 
female advantage (Blanck et al., 1981) among preschool children. (For more 
details with respect to this controversy, see Section 7.4.2.) 
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It finally appeared that S'^-year-olds tend to make the same confusions as 
adults, i.e., tend to confuse interest and joy, disgust and anger, and sadness 
and fear with one another. It was shown, in other words, that confusions 
tended to occur within the clusters of positive, active negative, and passive 
negative emotions, respectively. It thus looks as if the categorization of the 
stimuli can be accounted for by the functioning of at least two distinctions, 
namely passive vs. active and negative vs. positive. The same findings were 
obtained in our developmental study (Chapter 7) with children between age 5 
and 11. 
The fact that in the case of confusions between clusters (active) positive 
and active negative emotions were confused most often suggests that in the 
categorization of emotions similarity in level of activity is assigned a some-
what heavier weight than similarity in evaluative meaning. This finding is 
again consistent with the results of our developmental study and the results 
of Dimitrovsky's (1964) study. In the latter, however, the tendency was far 
more pronounced. 
CHAPTER 9 
Recognition by Dutch, Taiwanese, and 
Japanese subjects 
9.1 INTRODUCTION 
In Chapter 6 the recognition of Dutch vocal expressions of emotion by 
Dutch adults was examined. In the present chapter their performance is 
compared with the performance of two foreign groups of subjects from 
Taiwan and Japan. 
In contrast to vocal expressions of emotions, quite a few studies have been 
conducted which aimed at determining to what extent facial expressions of 
emotion are culture specific and to what extent they are characterized by 
features which are cross-culturally or even universally recognizable. Experi-
ments in which carefully selected photographs were shown to literate as well 
as visually isolated, preliterate people of widely varying cultural back-
grounds suggest that although there are differences in the kind of events that 
will elicit particular emotions and culturally determined display rules, i.e., 
cultural differences in the way in which emotional expressions are managed 
and controlled in given social settings, the facial expressions of at least some 
emotions seem to be universally similar and universally recognizable (Bou-
cher & Carlson, 1980; Ekman, 1973; Izard, 1971). Among these emotions are 
happiness, sadness, anger, and probably also disgust, fear, surprise, interest, 
shame, and contempt. Ekman explains these findings by postulating a "facial 
affect program", located within the nervous system of all human beings, 
linking particular facial muscular movements with particular emotional 
experiences. Izard's ideas are along the same lines. However, while Izard 
appears to equate "cross-cultural" with "innate" ("the data [with respect to 
cross-cultural recognition] . . . provide a sound basis for inferring that the 
fundamental emotions are subserved by innate neural programs" (1977, p. 
6)), Ekman is more careful. He states that "universality requires only the 
postulate that whatever source is responsible for the origin of facial expres-
sions, it must be constant, not variable, for mankind. Inheritance is one such 
source, and a likely one; but other constants that all human beings experience 
in their interactions with their environment may possibly be the source of 
universal facial expressions" (1973, p. 171). Ekman thinks that both the 
innate and the environmental explanations are valid, depending on the 
particular expression at hand. However, he claims that more data are need-
ed, derived, for example, from the facial expressions found among the -
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congenitally - blind, before the question as to the origin of facial expressions 
of emotion can be answered more definitely and in greater detail. 
The extremely limited data available on the cross-cultural recognizability of 
vocal expressions of emotion are less conclusive. Albas, McCluskey, and 
Albas (1976) had forty Anglo-Canadians and forty Cree-Indians identify 
emotional expressions of happiness, sadness, love, and anger, produced by 
six Anglo-Canadian and six Cree-Indian adult males. The speakers were 
allowed to speak any two sentences that came to mind (in their native 
language) in an attempt to express each emotion. Afterwards, the utterances 
were rendered unintelligible by means of a lowpass filter (for an explanation 
and the effect of this content masking technique, see Section 2.1). The 
Anglo-Canadian subjects identified the Anglo-Canadian expressions more 
accurately than did the Indian subjects (80% vs. 58%), whereas the Indian 
subjects identified the Indian expressions more accurately than did the 
Anglo-Canadian subjects (79% vs. 58%). This finding corresponds to the 
general trend which emerged from the cross-cultural research into facial 
expressions of emotion, namely that cross-cultural recognition is possible, 
but that the recognition rate will drop. (Unfortunately, the analysis of 
variance carried out by Albas et al. did not contain the factor emotion, so 
that, the raw scores per emotion not being reported either, it is not possible to 
know whether there were any significant emotion X culture of speaker or 
emotion X culture of listener interactions.) 
The outcomes of other studies on the recognition of vocally expressed 
emotions (Beier & Zautra, 1972; McCluskey, Albas, Niemi, Cuevas, & 
Ferrer, 1975), however, show that cross-cultural distance between encoder 
and decoder does not necessarily lead to a loss of emotional information. 
Beier and Zautra (1972) compared the ability of American English, Polish, 
and Japanese students to correctly identify American English expressions of 
six emotions and attitudes (happiness, fear, sadness, anger, indifference, and 
firt) produced with standard speech samples of four different lengths 
("hello", "good morning", "how are you", and a sentence). It was found 
that the Polish and Japanese subjects increased their accuracy as the length 
of the expressions increased until their scores were comparable to the Ameri-
can English ones. Thus, in this study "foreigners" performed just as well as 
"compatriots" provided the emotional expressions were long enough. 
The results obtained by McCluskey et al. (1975) go even further than this. 
They compared the performance of Canadian and Mexican children (ran-
ging from 6 to 11 years) when asked to identify vocal expressions of hap-
piness, sadness, love, and anger produced by Canadian and Mexican 
actresses. It was found that the Mexican children were significantly more 
accurate than their Canadian counterparts, not only in the identification of 
the Mexican expressions but in the recognition of the Canadian expressions 
as well. This shows that "foreigners" may even exceed the performance of 
"compatriots" in the identification of vocal expressions of emotion. 
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Although it thus appears that the amount of emotional information preser-
ved in a cross-cultural setting varies from one experiment to another, in 
general it has been found that the vocal expressions of most emotions 
investigated so far are recognizable beyond chance expectancy. This out-
come suggests that there may be universal vocal patterns of emotion in 
addition to a number of universal facial patterns of emotion. 
Moreover, there is some evidence that there may be common patterns of 
errors in the identification of vocal expressions of emotion across cultures, a 
finding that is of interest in connection with the possible existence of univer-
sal emotional dimensions. Thus, Albas et al. (1976) found that both Anglo-
Canadian and Cree-Indian subjects often confused the active emotions of 
happiness and anger on the one hand, and the passive emotions of sadness 
and love on the other, regardless of the culture of the speakers. This suggests, 
as has been reported before for American English (Dimitrovsky, 1964; 
Davitz, 1964c), that in general errors in the identification of vocal expres-
sions of emotion seem to be a function of similarity in level of activity of the 
emotions concerned rather than, for example, similarity in evaluative mea-
ning (see also Chapters 7 and 8). Another aspect of confusions which has 
been stated for different cultures is the fact that confusions sometimes tend to 
be asymmetrical. Kramer (1964), for example, reports that American English 
as well as Japanese expressions of anger were mistaken for contempt much 
more often that the other way round. A similar finding was reported in 
connection with love and indifference. 
Unfortunately, the above findings with regard to the cross-cultural recog-
nition of vocal expressions of emotion are based on quite limited data. Thus, 
it seems evident that much more research should be conducted in many more 
cultures with respect to a greater variety of emotions. 
In the present chapter the performance of groups of Dutch, Taiwanese, and 
Japanese subjects in decoding Dutch vocal expressions of emotion is compa-
red. The data pertaining to the Dutch subjects have been derived from the 
experiment reported on in Chapter 6. The two groups of foreign subjects 
were chosen on the one hand on theoretical grounds, because the Japanese 
and Taiwanese languages are unrelated to one another as well as to Dutch, 
and on the other on pragmatic grounds, because the present author at the 
time happened to have connections in Taiwan and Japan who were interes-
ted in and able to participate in the research. 
The aim of the study was to answer the following questions: 
(1) Do Dutch, Taiwanese, and Japanese adults differ in their ability to 
identify Dutch vocal expressions of emotion? 
(2) Are there similar patterns in the confusions made by Dutch, Taiwanese 
and Japanese subjects? 
Doing so, we hoped to gain insight into the question of whether or not 
vocal expressions of discrete emotions are cross-culturally recognizable, and 
to collect evidence on the universality of emotional dimensions. Data in this 
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area are essential in determining whether the vocal characteristics of emo-
tions, just as has been claimed for their facial characteristics, could be 
physiologically determined and, perhaps, be innate. 
9.2 METHOD 
Recognition was assessed by means of a forced judgment task in which the 
subjects responded to vocal expressions of emotion by choosing among 
emotion labels. 
9.2.1 Subjects 
Forty-eight language students (twenty-four males and twenty-four females) 
attending a Teachers' Training College in Nijmegen took part in the Dutch 
recognition experiment. The mean age was 20 years and 6 months varying 
from 18 to 28 years. The subjects were paid for their participation. 
Forty students from National Cheng Kung University of Tainan took part 
in the Taiwanese recognition experiment: ten males studying English, ten 
females studying English, ten males studying Chinese and ten females stu-
dying Chinese. The mean age of the students was 22 years and 6 months, 
ranging from 21 years to 28 years. The subjects were not paid for their 
participation. In general the inhabitants of Taiwan may be said to have little 
exposure to spoken Western languages produced by native speakers. The 
teaching of English in middle and high schools is mainly restricted to 
translation into Chinese, and there are few opportunities, especially in the 
South of Taiwan, where Tainan is located, to meet foreigners. 
Forty-one male high school students from Tokyo took part in the Japa-
nese recognition experiment. The mean age was 16 years and 9 months, 
ranging from 16 to 17 years. The subjects were not paid for their participa-
tion. They had had little exposure to spoken English and none to other 
western languages. 
9.2.2 Speech material 
The speech material consisted of eighty emotional expressions, namely eight 
speakers (four males and four females) X one phrase (twee maanden zwanger) 
X ten emotions (neutral [NE], disgust [DI], surprise [SU], shame [SH], 
interest [IN], joy [JO], fear [FE], contempt [CO], sadness [SA], and anger 
[AN]). (For a detailed description of the speech material, see Chapter 2.) 
9.2.3 Procedure 
The procedure followed in the Dutch, Taiwanese, and Japanese experiments 
was similar: In all three cases the subjects were seated in a language laborato-
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ry, where they listened to the recordings via headphones, and in all three 
cases a forced judgment task was used with ten alternatives. The experiments 
differed in that the Taiwanese and Japanese subjects were offered 80 emotio-
nal realizations of one standard phrase (twee maanden zwanger), whereas the 
Dutch subjects responded to 320 utterances of which the 80 twee maanden 
zwanger were a subset (we thought we could not possibly ask our friends in 
Taiwan and Japan to run a two-hour-experiment; judgment of the 80 stimuli 
took 25 minutes). 
Before listening to the experimental stimuli the subjects received a booklet 
containing rating sheets and instructions. The Dutch, Taiwanese, and Japa-
nese instructions were the same except, of course, for the language in which 
they were written and the fact that the differences in setup mentioned above 
were taken into account. For the preparation of the Taiwanese and Japanese 
translations care was taken to involve several native speakers and linguists in 
the selection of the best possible equivalents of the Dutch emotion labels. 
The translation did not prove to be a problem. For the English translation of 
the Dutch version, see Appendix B. The English translation of the Taiwanese 
and Japanese version was as follows: 
If you want to know how someone feels you can derive this not only from 
what someone says but also from how he or she says it. Thus, the way in which 
an utterance is spoken contains information about the emotion one is 
experiencing. By means of this experiment we want to find out to what extent 
people, solely on the basis of intonation, are able to determine the emotion 
with which an utterance has been emitted. By the term "intonation" we do 
not only refer to pitch or changes in pitch, but also to such speech characte-
ristics as tempo or voice quality. In a moment you are going to hear a number 
of recordings of women and men producing the same phrase with ten 
different emotions, namely disgust, surprise, shame, interest, joy, neutral, 
fear, contempt, sadness, and anger. We ask you to listen very carefully to the 
recordings - you will not be able to understand what is being said, so only pay 
attention to how the phrases are being said - and determine which emotion 
the speaker has tried to express. You indicate your choice by encircling one 
and only one emotion for each utterance on your score sheet (the numbers on 
the sheet correspond with the numbers preceding the utterances on the tape). 
You will first hear six utterances to practice. After you have rated these 
practice utterances on your form there will be time for you to ask questions in 
case something is not clear. After that you will hear the proper set of eighty 
utterances. 
9.3 RESULTS 
First, the percentages of correct responses of the three subject groups were 
compared. Subsequently, an analysis of the incorrect responses was underta-
ken by examining symmetrical and asymmetrical confusions among emo-
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lions, and by carrying out a hierarchical cluster analysis and 
multidimensional scaling. Hierarchical cluster analysis was used to extract 
information about groupings of emotions and their internal structure. Multi­
dimensional scaling was used to represent confusions among emotions in 
terms of distances in a Euclidean space. 
Before the results are presented, it should be noted that analyses of variance 
(repeated measurements design) were carried out on the scores of the three 
subject groups in order to assess whether there was an effect of the main 
factor of sex of speaker (for all three subject groups) and the subject variables 
of sex (for the Dutch and Taiwanese subjects) and study (for the Taiwanese 
subjects: students of English/students of Chinese). No significant effects 
(p<.05) were found. Therefore, use was made of the summed scores in the 
subsequent analyses mentioned below. 
9.3.1 Rate of recognition 
The first question formulated in the introduction, as to whether Dutch, 
Taiwanese, and Japanese subjects differ in their ability to identify Dutch 
expressions of emotion, was answered positively. In Tables 9.1, 9.2, and 9.3 
the mean percentages of each of the ten emotional categories are given 
separately for each of the three subject groups on the diagonals of each of the 
three matrices. It may be seen that for all emotions the Dutch subjects did 
best, although it must also be noted that even they scored hardly 50% correct 
for the categories of fear and contempt. The difference in rate of recognition 
between the Dutch and the Taiwanese subjects, and that between the Dutch 
and the Japanese subjects, both tested by means of a Mest, was significant (i 
Table 9.1 Dutch recognition experiment: Confusion matrix for ten emotions (in %) 
Stimuli Responses 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Total 
NE 
87 
1 
0 
12* 
2 
1 
0 
0 
0 
1 
104 
DI 
0 
55 
3 
1 
0 
1 
2 
20· 
2 
8· 
92 
SU 
0 
1 
68 
0 
24· 
13· 
14· 
0 
0 
5 
126 
SH 
4* 
3 
0 
61 
0 
0 
5 
3 
15· 
1 
94 
IN 
1 
1 
8· 
0 
69 
1 
2 
1 
0 
1 
83 
JO 
0 
3 
7· 
0 
0 
76 
2 
0 
1 
2 
92 
FE 
0 
1 
2 
8· 
0 
1 
51 
0 
4 
2 
69 
CO 
2 
24* 
6· 
2 
5 
3 
2 
48 
5* 
11· 
109 
SA 
4· 
6 
0 
15* 
0 
0 
20· 
1 
73 
0 
119 
AN 
2 
4 
5 
0 
0 
3 
3 
27· 
0 
70 
113 
* ρ < .05 (see text) 
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Table 9.2 Taiwanese recognition experiment: Confusion matrix for ten emotions (in ' 
Stimuli 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Total 
* ρ < 05 (see 
Responses 
NE 
53 
10 
2 
23· 
13* 
1 
4 
10 
7 
2 
125 
text) 
DI 
9* 
26 
4 
8 
3 
12* 
6 
24* 
8* 
11· 
112 
SU 
2 
2 
53 
2 
29· 
13· 
20* 
3 
0 
10· 
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Table 9.3 Japanese recognition experiment 
Stimuli 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Total 
• ρ < 05 (see 
Responses 
NE 
56 
10 
6 
23* 
24* 
3 
4 
21* 
6* 
2 
155 
text) 
DI 
15* 
26 
3 
20* 
4 
5 
6 
16* 
6· 
7 
108 
SU 
1 
4 
29 
2 
7 
20· 
19* 
3 
3 
12* 
99 
SH 
6 
5 
1 
30 
2 
2 
7 
10 
12* 
1 
76 
IN 
4 
2 
17* 
2 
31 
10 
5 
4 
1 
4 
80 
JO 
2 
4 
12* 
0 
4 
24 
5 
8 
1 
7 
68 
FE 
1 
8 
1 
8 
2 
13* 
36 
2 
10* 
6 
88 
CO 
11* 
17· 
6 
6 
12* 
6 
4 
19 
4 
11* 
96 
: Confusion matrix for ten emotions 
SH 
4 
8 
2 
14 
3 
3 
4 
6 
4 
2 
50 
IN 
8* 
4 
17* 
3 
38 
7 
5 
6 
2 
6 
96 
JO 
1 
3 
22· 
3 
8 
20 
5 
4 
0 
3 
70 
FE 
1 
6 
3 
5 
I 
18* 
19 
3 
3 
10* 
67 
CO 
10* 
18* 
14* 
7 
15* 
6 
4 
22 
2 
13* 
110 
SA 
8· 
10 
0 
21· 
1 
3 
6 
6 
53 
3 
112 
(in %) 
SA 
3 
13* 
2 
24* 
1 
8 
28* 
9 
70 
4 
162 
AN 
3 
16· 
4 
0 
2 
14· 
7 
13· 
3 
47 
110 
AN 
1 
9 
2 
0 
0 
11 
7 
11 
3 
40 
83 
(9) = 8.01, p<.001 and / (9) = 7.34, /K.OOl, respectively). The difference 
between the Taiwanese and Japanese subjects was not significant (/ (9) = 0.93 
p>. 10). Although it thus appears that in the cross-cultural setting a fair 
amount of emotional information got lost, a binomial estimate of probabili­
ty revealed that the Taiwanese were still able to identify all, and the Japanese 
all but one of the emotions beyond chance at a 5% level of significance. This 
one exception pertains to the recognition of shame. 
It may further be seen that there are substantial differences in the percentages 
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of correct identification for the different emotions. Some emotions occupy 
roughly the same rank order position in all three experiments. Thus, it 
appears that neutral, sadness, and anger were generally fairly easy to recog-
nize whereas disgust, shame, and contempt were generally rather difficult. 
Interest occupies a mid position for all groups. The relative recognizability of 
the other emotions, however, appears to be less consistent. Joy, for example, 
which came out as the second best recognized emotion in the Dutch experi-
ment, came out as the second worst recognized emotion in the Taiwanese 
experiment and the third worst recognized emotion in the Japanese experi-
ment. 
On the other hand, a look at the column totals in Tables 9.1, 9.2, and 9.3 
reveals that not all response categories have been chosen equally often. It 
may well be that the low score for joy by the Taiwanese and Japanese subjects 
can, at least partly, be accounted for by the fact that for them joy was one of 
the least favoured response categories, thus diminishing the chance of a 
correct response. Similarly, the high recognition scores for neutral and 
sadness by the Japanese may be partly due to the fact that these response 
categories have been chosen far more often than chance expectancy, thus 
increasing the probability for a response to be correct. In order to gain 
insight into the influence of the response biases on the number of correct 
responses, a formula was applied to the raw percentages which takes into 
consideration the number of times a particular emotional category has been 
chosen as a response (for the exact computation, see footnote b to Table 6.3). 
The resulting percentages are given in Table 9.4, in addition to the uncorrec-
Table 9.4 Mean percentages of correct identifications of ten emotions by three subject groups, 
uncorrected (Une), corrected for chance (CfC), and corrected for response bias (CfB) 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
Grand mean 
Holland 
Une 
87(1) 
55(8) 
68(6) 
61(7) 
69(5) 
76(2) 
51(9) 
48(10) 
73(3) 
70(4) 
66 
CfC 
86 
50 
64 
57 
66 
73 
46 
42 
70 
67 
62 
CfB 
85(1) 
57(9) 
61(8) 
63(6) 
76(3) 
79(2) 
62(7) 
46 (10) 
67(4) 
66(5) 
66 
Taiwan 
Une 
53(2) 
26(8) 
53(2) 
30(7) 
31(6) 
24(9) 
36(5) 
19(10) 
53(2) 
47(4) 
37 
CfC 
48 
18 
48 
22 
23 
16 
29 
10 
48 
41 
30 
CfB 
48(2) 
25(9) 
46(3) 
35 (6.5) 
35(6.5) 
30(8) 
38(5) 
19(10) 
50(1) 
45(4) 
37 
Japan 
Une 
56(2) 
26(6) 
29(5) 
14(10) 
38(4) 
20(8) 
19(9) 
22(7) 
70(1) 
40(3) 
33 
CfC 
51 
18 
21 
4 
31 
11 
10 
13 
67 
33 
26 
CfB 
47(2) 
25(6) 
29(5) 
21(9 5) 
39(4) 
24 (7.5) 
24 (7.5) 
21 (9.5) 
57(1) 
44(3) 
33 
Note. The numbers in parentheses indicate the rank order positions from 1 = best to 10= worst 
recognized emotion 
For the formulas used to calculate the percentages corrected for chance and the percentages 
corrected for response bias, see notes a and b to Table 6.3 
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ted percentages and the percentages corrected for chance (for the rationale 
behind the latter correction, see Section 6.3.1; for its computation, see 
footnote a to Table 6.3). 
In Table 9.4 the rank orders of the recognition of the different emotions, both 
on the basis of the uncorrected scores and on the basis of the scores corrected 
for response bias, are also given (the rank order of the scores corrected for 
chance is not indicated, since it is - by nature - identical with the rank order of 
the uncorrected scores). It may be observed that correction for response bias 
does not result in drastic changes in the rank order positions of the various 
emotions: In only four cases was there a difference of two or more than two 
positions, namely with respect to surprise, interest, and fear in the Dutch 
experiment (the first one going down and the latter two going up), and with 
respect to contempt in the Japanese experiment. It may be observed that the 
rank order position of joy in Taiwan, and those of neutral, joy, and sadness in 
Japan - positions which we thought might have been confounded rather 
strongly by response bias - hardly changed as a result of the correction. 
9.3.2 Confusions 
The second question, as to whether the confusions made by the Dutch, 
Taiwanese, and Japanese subjects are similar, cannot be answered with a 
simple yes or no. Inspection of the confusion data given in the off-diagonal 
cells of Tables 9.1, 9.2, and 9.3 shows that within each of the three subject 
groups there seem to be fairly systematic tendencies for some emotions to be 
mistaken for one or two particular other emotions. It is also apparent that 
these confusions are often not symmetrical. A very clear example of such an 
asymmetrical confusion - and one which seems to be stable across cultures - is 
that between surprise and fear, the percentages of scores with surprise taken 
for fear being 2%, 1%, and 3% for Holland, Taiwan, and Japan respectively, 
and the percentages of scores with fear taken for surprise being 14%, 20%, 
and 19%. A similar trend may be observed for shame and neutral. 
In Figures 9.1, 9.2, and 9.3 we have tried to capture the confusions among 
emotions as clearly as possible, separately for the three subject groups. In 
these diagrams a single arrow (for example anger — surprise), means that 
anger was mistaken for surprise more often than surprise was mistaken for 
anger; it indicates, in other words, an asymmetrical relationship. Symmetri-
cal confusions are indicated by a double arrow (—). The decision to call a 
confusion symmetrical or asymmetrical was based on the following criterion: 
For each emotion in each of the three data sets the number of incorrect scores 
was assessed by subtracting the number of correct scores from the total 
number of scores for that emotion. The null-hypothesis was that the subjects, 
when making a mistake, did not have a preference for particular alternatives, 
i.e., that the incorrect scores were randomly spread over the nine alternatives 
from which they had to choose. By means of a binomial estimate of probabi-
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Figure 9 1 Dutch recognition experiment Nature of the confusions among ten emotions ( -
and—••= asymmetrical confusions, -* *- = summetncal confusion) 
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Figure 9 2 Taiwanese recognition experiment Nature of the confusions among ten emotions 
(•+— and—•-= asymmetrical confusions, -< *- = symmetrical confusion) 
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Figure 9.3 Japanese recognition experiment: Nature of the confusions among ten emotions 
•^— and—fc- = asymmetrical confusions, -* *- = symmetrical confusion) 
lity it was assessed which off-diagonal cells in each row contained a number 
of scores exceeding chance expectancy at the 5% level. In this way the 
confusion scores indicated with an asterisk in Tables 9.1, 9.2, and 9.3 were 
retained. A confusion was called symmetrical if both the frequency with 
which emotion ι was mistaken for emotion j and the frequency with which 
emotiony was mistaken for emotion /' were significant; it was called asymme­
trical if only one of the two frequencies exceeded chance expectancy. 
Since Dutch was the language in which the emotions were expressed, 
confusions were first grouped according to the Dutch subjects' responses. 
This layout was then preserved for the Taiwanese and Japanese responses in 
order to compare their confusion patterns with those of the Dutch. 
It may be seen from Figures 9.1,9.2, and 9.3 that the structure of the Dutch 
diagram looks a lot simpler than either that of the Taiwanese or that of the 
Japanese diagram. This is due to the fact that the Dutch experiment yielded a 
smaller number of significant and a relatively greater number of symmetrical 
confusions than the other two experiments, thus limiting the number of 
connections between emotions in the diagram. In addition, the confusions 
yielded in the Dutch experiment look less dispersed than those yielded in the 
other two experiments. The Dutch subjects appear to have made most 
confusions within three, fairly independent clusters of emotions, the first one 
132 
comprising neutral, shame, fear, and sadness; the second one comprising 
surprise, interest, and joy; and the third one comprising disgust, contempt, 
and anger. In fact, each of these clusters is connected to each of the others by 
only one asymmetrical relation. Although the structures of the Taiwanese 
and Japanese diagrams manifest some systematic features too - still resem-
bling those of the Dutch diagram - the number of inter-group connections for 
them is larger. Still, a careful look at the diagrams reveals that most inter-
group connections for the Taiwanese and Japanese groups are shared. It may 
further be seen that there is only one asymmetrical confusion, namely fear — 
surprise, and only two symmetrical confusions, namely surprise — joy and 
disgust — contempt, which occur in all three diagrams. 
A statistically better founded technique for analyzing confusions is hierar-
chical cluster analysis (see Section 4.3.3). It has the drawback, however, of 
not being able to deal with asymmetrical relations among elements. There-
fore, the confusion matrices had to be made symmetrical - this was done 
according to the method described by Klein, Plomp, and Pols(1970)-before 
the analysis could be carried out. For all three confusion matrices both the 
minimum method and the maximum method were applied (see Figures 9.4, 
9.5, and 9.6). 
The Dutch data are represented considerably better by means of the 
maximum method than by means of the minimum method (.77 and .63, 
respectively). The two Taiwanese dendrograms represent the original data 
equally well (.63). For the Japanese experiment, the correlation between the 
distances in the data matrix and the ultrametric distances is .65 for both the 
minimum and the maximum methods; however, the latter suffers from the 
so-called chaining effect. 
It appears from Figures 9.4 and 9.5 that the structures of the Dutch and 
Taiwanese dendrograms have quite a lot in common. For both groups of 
01 CORN SHSAFENE SU IMJO 
u 
DI COAM SHSflFE SU INJO ME 
TJ 
VJ 
TJ 
Figure 9.4 Dutch recognition experiment: Hierarchical cluster analysis for ten emotions (mini-
mum method at the left, maximum method at the right) 
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Figure 9 5 Taiwanese recognition experiment· Hierarchical cluster analysis for ten emotions 
(minimum method at the left, maximum method at the right) 
subjects disgust and contempt are branched together, as well as shame and 
sadness, and surprise and interest. Also, in both pairs of trees, neutral is 
connected at a low level with the other emotions, which means that in neither 
experiment it has been confused systematically with any of the others. The 
only notable differences are the positions of fear and joy, which in the Dutch 
dendrograms are clustered together with shame and sadness, and surprise 
and interest respectively, whereas in the Taiwanese experiment fear and joy 
are clustered together with anger. 
The similarity between the Dutch and the Japanese dendrograms (Figures 
9.4 and 9.6) is smaller. The only clusters which they share - clusters which 
were also present in the Taiwanese dendrogram and are therefore common to 
all three experiments - are that of disgust and contempt and that of surprise 
and interest (the latter for Japan only in the minimum method tree). The low 
branching of neutral is also present in the Japanese trees. The other emotions 
DICOSHliE JO FE fifi SU IhSfl 
tJ u 
DI COSHME 
u 
JO FE SU RM IM SR 
Figure 9 6 Japanese recognition experiment: Hierarchical cluster analysis for ten emotions 
(minimum method at the left, maximum method at the right) 
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are arranged differently. Note that in the Japanese tree sadness occupies an 
independent position. 
The Taiwanese and Japanese dendrograms (Figures 9.5 and 9.6) look 
pretty much alike. In addition to the cluster of disgust and contempt, and 
that of surprise and interest, they also share the cluster of joy, fear, and anger. 
The Taiwanese and Japanese dendrograms differ in the position of sadness 
and the relation between the pair of disgust and contempt and the pair of 
shame and neutral. 
It thus appears that there are both similarities in and differences between 
the confusions which the Dutch, Taiwanese, and Japanese subjects have 
made. Assuming that the confusions among the emotional expressions are a 
function of their being similar in some respect, these outcomes suggest that 
across the three subject groups some characteristics of the stimuli have 
received equal attention or have been interpreted in the same way, but others 
not. Or, stated in dimensional terms, it looks as if some of the dimensions 
along which the emotional expressions have been discriminated are common 
to all three subject groups, but that there are others which are specific to each 
of them. 
A data processing technique which has been especially designed to represent 
the judged similarity between objects - which in our case may be derived from 
the number of times the emotional categories have been confused with one 
another (cf. Strongman, 1978, p. 215) - in terms of proximity in an л-dimen-
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Figure 9.7 Positions of ten emotions in a one-dimensional space for three recognition experi­
ments 
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sional space, and might thereby provide insight into the nature of the 
dimensions or the stimulus characteristics that underlie the similarity judg-
ments, is multidimensional scaling. Input to the program were the same 
symmetrized confusion data on which the hierarchical cluster analyses were 
carried out. 
The combination of the Euclidean metric and one dimension resulted in 
stresses of .21, . 18, and .32, and the combination of the Euclidean metric and 
two dimensions in stresses of .07, .00, and .07 for Holland, Taiwan, and 
Japan, respectively. According to Wagenaar and Padmos (1971), this means 
that for all three experiments the correspondence between the one-dimensio-
nal configuration and the symmetrized confusion data as well as the corres-
pondence between the two-dimensional configuration and the symmetrized 
confusion data are acceptable at a level of significance of 5%. The addition of 
a third dimension only resulted in a slight lowering of the stress. Therefore, 
the three-dimensional solution will not be considered. 
In Figure 9.7 the positions of the emotions in the one-dimensional solution 
are graphically presented. It may be seen that except for one or two emotions 
such as neutral and fear, all of the ten emotions occupy highly similar 
positions for all three experiments along the one dimension extracted. And 
indeed, product-moment correlations between the Dutch and Taiwanese, 
Dutch and Japanese, and Taiwanese and Japanese dimension values yielded 
coefficients of r (8) = .84, p<.0\, r (8) = .73, /?<05, and r (8) = .87, /K.Ol, 
respectively. 
At first sight the dimension presented in Figure 9.7 may look like an 
evaluative dimension, with interest, surprise, and joy at the positive extreme, 
and shame and sadness at the negative extreme. However, the position of 
neutral amidst the negative emotions and the position of anger next to joy do 
not seem to fit in with this interpretation. More convincing is a labeling in 
passive/active terms, with interest, surprise, joy, and anger as the most active 
emotions, with contempt, disgust, and fear occupying an intermediate posi-
tion, and with neutral, shame, and sadness as the most passive emotions. 
The positions of the emotions in the two-dimensional solution are graphical-
ly presented in Figures 9.8,9.9, and 9.10. The axes of the three configurations 
have been rotated orthogonally in such a way as to attain maximum similari-
ty in the positioning of the emotions along the horizontal dimension. It may 
be seen that the distribution of the emotions along the dimension thus 
obtained has much in common with the distribution of the emotions along 
the dimension which emerged from the one-dimensional solution. Again, 
roughly three blocks of emotions may be distinguished, namely shame, 
sadness, and neutral on one side, disgust, contempt, and fear in the middle, 
and anger, interest, joy, and surprise on the other side. Thus, in the two-di-
mensional solution for all three subject groups an activity component ap-
pears to be present too. 
The positioning of the emotions along the vertical dimension is very 
different for each of the three experiments, so that a common label is 
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Figure 9 10 Japanese recognition experiment Positions of ten emotions in a two-dimensional 
space 
impossible to give. Even when the three configurations are considered sepa­
rately it is not apparent which emotional aspect this dimension represents It 
is, in any case, not evaluative in nature. 
9.4 DISCUSSION 
The present study revealed that although Dutch subjects on the whole did 
about twice as well as either Taiwanese or Japanese subjects in identifying 
Dutch vocal expressions of emotion, the latter two subject groups were still 
able to identify the great majority of the ten emotions examined beyond 
chance expectancy. Since it is very improbable that either the Taiwanese or 
Japanese subjects had had any prior contact with speakers of Dutch, and 
since, more generally, their exposure to Western languages produced by 
native speakers was very limited, these findings suggest that they have 
responded to characteristics of vocal expressions of emotion which are 
cross-culturally, and perhaps even universally, recognizable 
The two emotions which the Taiwanese and Japanese subjects identified 
most accurately were sadness and anger, a finding which parallels what has 
been found for the cross-cultural recognition of facially expressed emotions. 
Vocal expressions of neutral - a category which for practical reasons we have 
been referring to as an emotion too, but which is usually not considered as 
such - appeared also to be relatively easy to identify for the two foreign 
I 
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groups. On the other hand, joy, which because of the universal meaning of 
the smile came out as by far the best recognized emotion in cross-cultural 
research into facial expressions, was the emotion which in the present study 
lost most of its recognizability. Beier and Zautra (1972), who offered Ameri-
can English expressions of six emotions to groups of American English, 
Polish, and Japanese subjects, obtained a similar result: While in the group 
of American English subjects joy was the emotion identified correctly most 
often, in both the foreign subject groups it yielded the second lowest number 
of correct responses. On the basis of these findings it could be hypothesized 
that in contrast with facial expressions, vocal expressions of joy, in addition 
to cues which are cross-culturally similar, possess important cues which are 
culture specific. 
This hypothesis is made more plausible by the outcomes of the hierarchi-
cal cluster analyses and multidimensional scaling which were carried out on 
the symmetrized confusion matrices. Both techniques yielded results which 
may be interpreted as indications that for all three subject groups, but most 
clearly for the Taiwanese and Japanese subjects, confusions among emotions 
were primarily a function of level of activity. This outcome is consistent with 
the findings of Davitz (1964c), Davitz and Davitz (1959), Dimitrovsky 
(1964), and Fairbanks and Prono vost (1939) with respect to American 
English subjects and with the findings of Albas et al. (1976) with respect to 
Anglo-Canadian white and Cree-Indian subjects: The confusions found in 
these studies can also be more easily explained in terms of emotions being 
similar in level of activity than in terms of their being similar in, for example, 
evaluative meaning or strength. This finding is also in accordance with the 
results of our own recognition experiments with children, reported on in 
Chapters 7 and 8. 
Dawes and Kramer's study on vocal expressions of emotion (1966) is the 
only one in which the confusions are reported to be most readily interpreta-
ble in terms of a single evaluative dimension, running from love at the one 
extreme via grief, indifference (in the middle), and contempt to anger at the 
other extreme. However, in view of the position of grief next to love, we think 
that an interpretation in terms of activity is just as plausible, to say the least. 
As we have demonstrated in Section 4.4.2, there are more cases in which the 
labeling of a dimension as evaluative is not very convincing. 
On the other hand, Uldall (1967), interpreting the results of a judgment 
study using semantic differential scales, rightly stated the evaluative dimen-
sion to be the strongest; It accounted for 50% of the variance against 20% for 
the activity dimension. This outcome cannot be generalized to the judgment 
of vocal expressions of emotions in general though, since in her experiment 
resynthesized stimuli were offered of which only the intonation contour was 
varied. Thus, features that are essential to the transmission of level of 
activity, such as loudness and tension, remained constant. 
Furthermore, it is interesting to note that it has proven easier to find the 
vocal cues transmitting information on level of activity than those transmit-
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ting information on evaluative meaning or strength. This holds for our own 
descriptive study reported on in Chapter 4 and for other studies as well (see 
Section 4.4.2). 
There thus seems to be fairly strong evidence that both within and across 
cultures the dominant dimension along which vocal expressions of emotion 
are discriminated is the activity one and that other dimensions, such as the 
evaluative one, are secondary. This would lend support to he hypothesis 
which was formulated very tentatively by Davitz (1964c) that "characteris-
tics of emotional expressions directly associated with the activity dimension 
of emotional meaning are . . . probably unlearned, while the more subtle 
cues . . . which carry emotional meaning in terms of valence and strength are 
likely to reflect culturally determined patterns of learning" (p. 111). This 
might be another difference with facial expressions of emotion, since in the 
discrimination of those the evaluative dimension has almost invariably 
emerged as the most prominent one: In eleven out of the thirteen facial 
studies included in the overview presented by Dittman (1972, p. 68-69), the 
first dimension found was an evaluative one, whereas in only two was it level 
of activity. This dominance of the evaluative dimension seems to be indepen-
dent of whether still photos were offered or live and filmed "moving" 
expressions. 
It thus looks as if the face is more fit to express evaluative meaning, while 
the voice is better equipped to transmit information on level of activity (for 
the perceptual and acoustic cues, see the remarks with respect to the charac-
teristics of stress in Section 3.4.4 and those pertaining to the correlates of the 
activity dimension in Section 4.4.2). It must be admitted that the results of 
the study conducted by Williams and Sundene (1965), a study which was 
especially designed to compare dimensions of recognition in the facial, vocal, 
and combined channels, do not confirm this hypothesis: For all three chan-
nels the same three dimensions emerged from a factor analysis of the ratings 
of each time twelve stimuli on sixty-one scales, the first one, accounting for 
almost 40% of the variance, being clearly evaluative in nature since it 
received high loadings from scales such as pleasurable-painful and pleasant-
unpleasant. The second dimension, which accounted for about 20% of the 
variance, was interpreted in terms of "social control" and the third one, 
accounting for an additional 1% of the variance, in terms of activity. 
The present study further revealed that in addition to symmetrical confu-
sions the subjects made a great number of asymmetrical confusions. As for 
the former, there were only two which occurred in all three experiments, 
namely the one between surprise and joy, and the one between disgust and 
contempt. Both of these are intuitively plausible, since the members of either 
pair are fairly similar in level of activity as well as evaluative meaning. 
Moreover, both have been reported with respect to the recognition of facial 
expressions also (e.g. Schlossberg, 1941; Thompson & Meltzer, 1964). In 
fact, many investigators have considered the similarity in facial appearance 
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of disgust and contempt to be so great that they did not offer the two 
emotions separately for recognition (see, for example, the studies included in 
Table 1.1 in Izard (1977, p. 7)). Interestingly enough, disgust and contempt 
were the two emotions which in the present research the speakers also 
declared having most problems with keeping apart. 
As for the asymmetrical confusions, there was only one which was made 
by all three subject groups. This one exception, namely the much more 
frequent interpretation of fear as surprise than the interpretation of surprise 
as fear is, for that matter, a very intriguing asymmetrical confusion, since it 
has been reported very consistently in cross-cultural research into facial 
expressions of emotion as well (Boucher & Carlson, 1980; Ekman, 1973). In 
the present experiment the fact that in all three experiments the category 
surprise was generally chosen much more often as a response than the 
category fear might at least partly be responsible for this result. Of course, 
the question why certain categories are much more favoured than others also 
remains to be investigated. 
CHAPTER 10 
Integration of findings and suggestions 
for further research 
10.1 INTRODUCTION 
This book comprises two series of studies, the first related to the description 
of emotions (Chapters 3, 4, and 5) and the second to the recognition of, or 
discrimination among, emotions (Chapters 6, 7, 8, and 9). Both types of 
studies are based upon (parts of) the same material so that it is possible to 
relate the outcomes of one type to the outcomes of the other. This is a fairly 
unique situation since in most studies to date only one of the two approaches 
has been adopted: Attention was either focussed on finding the perceptual 
and acoustic characteristics of emotional expressions or on assessing the 
extent to which subjects are able to infer emotional meaning from expres-
sions offered. The relationships between the two domains have rarely been 
established. 
In the first part of this chapter we will combine descriptive and recognition 
results. First we will consider the question of the cross-cultural similarity of 
the expressions of discrete emotions; next, we will discuss the nature and role 
of emotional dimensions; and finally, we will pay attention to the success 
with which the ten emotions considered in this research can be discriminated 
from one another, either statistically on the basis of descriptive data or by 
human subjects. We will not give any detailed information on the methods 
which have been used to obtain the different results since this would mean 
repeating what has been extensively described in the preceding chapters. In 
the second part of this chapter some conlusions will be drawn from this 
research which are more methodological in nature, and some suggestions 
will be made for further research. 
10.2 CROSS-CULTURAL SIMILARITY OF DISCRETE EMOTIONS 
In Chapter 3, a partial comparison was made between the perceptual charac-
teristics of vocal expressions often discrete emotions as they appeared from 
our own description for Dutch with those reported for a number of other 
European languages (data with respect to non-European languages are 
lacking). The data for shame and interest were too scarce to permit any 
statement as to possible cross-cultural similarities or differences. The cross-
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cultural findings for the emotions on which more information was available 
agreed fairly well. For joy and anger there was even almost total agreement. 
These descriptive data may be compared to the results of our cross-cultural 
recognition experiments reported on in Chapter 9. 
In general, the conclusion of cross-cultural similarity of the expressions of 
most of the emotions examined was confirmed: Japanese as well as Taiwa-
nese subjects were able to identify the great majority of the ten emotions 
expressed by Dutch speakers beyond chance expectancy (in fact, there was 
only one exception, namely the recognition of shame by the Japanese). 
However, some emotions proved to lose more of their recognizability in the 
cross-cultural setting than others. A clear example is joy, which was identi-
fied correctly by the Dutch subjects 76% of the time, whereas the percentages 
for the Taiwanese and Japanese subjects were 24% and 20%, respectively. 
The seemingly contradictory findings for joy - the descriptive data suggest 
cross-cultural similarity (or even identity), the recognition results cross-cul-
tural differences - may be explained in various ways. First, it must be noted 
that the descriptive data were derived from studies restricted to a few 
European languages (Dutch, French, English, German, Hungarian, and 
Czech). Thus, it could well be that the similarity in characteristic features 
cannot be generalized to non-European languages such as Taiwanese and 
Japanese (even the generalization to all European languages is unwarran-
ted). Second, the descriptive data that agreed with one another pertained to 
global estimates of pitch level, pitch range, loudness, and tempo only. We 
think it is probable that this description is too rough. We also think that it is 
incomplete and that joy, in addition to these four parameters, is characteri-
zed by more subtle cues which may vary in different cultures or which may be 
difficult to perceive for someone who is not familiar with the linguistic 
properties of the language in which the emotions are expressed. 
The question of the extent to which vocal expressions of emotion are 
specific for one culture or a restricted number of related cultures and the 
extent to which they are culture independent cannot be given a definite 
answer until both detailed descriptions and recognition results have been 
collected for a wide variety of different languages. 
10.3 EMOTIONAL DIMENSIONS 
In Chapter 3, a non-dimensional approach was adopted: Perceptual scores 
on twelve vocal parameters were used to gain insight into the characteristic 
patterns of discrete emotions. In Chapter 4, these scores served as a basis for 
a number of discriminant analyses in order to establish the characteristics of 
the functions (dimensions) which statistically yielded an optimal separation 
of the various emotional categories, i.e., attention was focussed on emotional 
dimensions. The first and most important dimension emerging could easily 
be labeled as a dimension of activity. This interpretation was based upon the 
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way in which the different emotions were positioned along it (shame, neutral, 
and sadness at one extreme, joy, surprise, and anger at the other, and interest, 
contempt, disgust, and fear in the middle) as well as upon the fact that the 
heaviest positive contributions to this function came from laryngeal tension, 
pitch range, and loudness, and the heaviest negative contribution from 
harshness. The importance of the parameters related to activity appeared 
also from the fact that the single most powerful discriminating parameter 
was loudness. The positions of the emotions along the first dimension 
emerging from a discriminant analysis based on acoustic measurements also 
suggested an interpretation in terms of level of activity. 
In order to assess whether the vocal characteristics related to the activity 
dimension may have played an important role in the discrimination among 
the emotions by human subjects as well, the results of the discriminant 
analyses may be compared with the outcomes of the multidimensional 
scaling carried out on the confusion matrices resulting from the Dutch, 
Taiwanese, and Japanese recognition experiments reported on in Chapter 9. 
For all three recognition experiments, two solutions were considered: One in 
which one dimension was extracted and one in which two dimensions were 
extracted. The dimensions emerging from the one-dimensional solutions had 
much in common: Along all three roughly three blocks of emotions could be 
distinguished, namely shame, neutral, and sadness at the one extreme, anger, 
interest, joy, and surprise at the other, and disgust, fear, and contempt in the 
middle. The same dimension emerged from the three two-dimensional solu-
tions. 
This grouping looks much like the grouping of the emotions along the first 
dimension emerging from the discriminant analyses carried out on the 
perceptual ratings and acoustic measurements. On the basis of this outcome 
it could be hypothesized that level of activity has been one of the main 
sources of information which the subjects have used to structure the 
emotional expressions, and that the vocal parameters related to activity, such 
as loudness, laryngeal tension, and pitch range, are not only important for 
the separation of emotional expressions in a statistical sense, but also in 
connection with the classificatory behaviour of human subjects. As was 
shown in Section 9.4, the conclusion of the primary importance of the 
activity dimension in the recognition of, or rather the discrimination among, 
vocal expressions of emotion - both within and across cultures - is confirmed 
by many research findings to date and lends support to the hypothesis 
formulated very tentatively by Davitz (1964c) that the vocal parameters 
reflecting level of activity could be universal. These parameters may be 
physiologically linked to the raising and lowering of overall tension which 
accompanies the expression of active and passive emotions, respectively. 
The second dimensions emerging from the two dimensional solution of the 
multidimensional scaling were very different from one another as well as 
from the second and third dimensions emerging from the discriminant 
analyses. In none of the cases did we find a dimension which was unequivo-
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cally evaluative in nature. The evaluative dimension has proven more diffi­
cult to detect than the activity dimension in other dimensional research into 
vocal expressions of emotions as well, both with respect to its characteristics 
and with respect to its role in perception. Perhaps vocal expressions of 
emotion do not possess any properties which can be arranged on a negative-
/positive continuum. 
That, nevertheless, the emotional expressions do contain information 
which permits a separation between negative and non-negative emotions, 
appears from the results of a number of hierarchical cluster analyses. In the 
minimum method dendrogram resulting from the cluster analysis carried out 
on the classification matrix yielded by the discriminant analysis based upon 
the perceptual scores and in the minimum and maximum method dendro­
grams resulting from the cluster analysis carried out on the recognition data 
obtained with Dutch adults (see Figures 4.3 and 9.4), the three positive 
emotions of surprise, interest, and joy were grouped together into one 
cluster. In both these dendrograms there were, in addition, two negative 
clusters, an active one comprehending disgust, contempt, and anger and a 
passive one comprehending fear, sadness, and shame, and a fourth cluster, 
constituted by neutral. Thus, at least in two cases a non-dimensional ap­
proach did suggest a structure in which the emotions were grouped not only 
according to their level of activity but also according to their evaluative 
meaning. 
However, a separation into groups of negative and positive emotions did 
not appear to be present in the dendrograms resulting from the cluster 
analyses carried out on the Japanese and the Taiwanese recognition data and 
the one carried out on the classification matrix resulting from a discriminant 
analysis based on acoustic measurements (in fact, the "foreign" dendro­
grams are quite similar to the "acoustic" dendrograms, see Figures 5.3, 9.5, 
and 9.6). This outcome suggests that the vocal cues carrying evaluative 
meaning must be very subtle. In addition, our results could be taken as a 
confirmation of the second part of the hypothesis formulated by Davitz 
(1964c) that, in contrast to the characteristics of vocal expressions of emotion 
directly associated with the activity dimension, the cues which carry, for 
example, evaluative meaning may be culture dependent. 
The dendrograms resulting from the cluster analysis carried out on the 
recognition data of the Dutch adults served as a basis to gain insight into the 
classificatory behaviour of Dutch children (age З'/г to 11). Just like the Dutch 
adults, the Dutch children manifested a strong tendency to make confusions 
within the cluster of the positive emotions, that of the negative passive 
emotions, and that of the negative active emotions. Thus, they also appear to 
be able to make use of cues carrying information not only on level of activity 
but also on the evaluative meaning of emotions. In those cases in which 
emotions belonging to different clusters were confused, there appeared to be 
a weak tendency to confuse emotions similar in level of activity rather than 
emotions similar in evaluative meaning. This suggests that for the children 
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also the activity dimension may have played a more important role than the 
evaluation dimension, a finding which is consistent with our other results 
and with what is reported in the literature. 
10.4 RATE OF RECOGNITION 
In several chapters of this study, data have been presented with respect to the 
extent to which the emotions examined can be distinguished from one 
another, either statistically on the basis of perceptual ratings (Chapter 4) or 
acoustic measurements (Chapter 5), or by different groups of human sub-
jects. The relative performance of Dutch adults compared to Dutch children, 
and that of Dutch adults compared to foreign subjects has been dealt with in 
Chapters 7 and 8, and Chapter 9, respectively. Here we will only compare the 
percentages correct identification yielded by the perceptually based classifi-
cation, those yielded by the acoustically based classification, and those 
attained by Dutch adults. 
As for the classification on the basis of perceptual ratings, we take as our 
point of departure the percentages correct yielded by the discriminant analy-
sis with three functions and five discriminating variables, namely loudness, 
laryngeal laxness, pitch level, pitch range, and laryngeal tension. The reason 
for taking the five variable solution, and not one of the higher ordered 
solutions, is that adding more variables did not really increase the number of 
utterances correctly classified. The five variable solution yields, in other 
words, the optimal result that can be accomplished with the minimum 
amount of perceptual information. As for the classification on the basis of 
acoustic measurements, we take as our point of departure the discriminant 
analysis with three functions and seven (i.e., all available) discriminating 
variables, namely syllables-per-second without pauses (a correlate of 
tempo), F0 median (a correlate of pitch level), F0 variation coefficient (a 
correlate of pitch range), uncorrected F0 perturbation (a correlate of 
harshness), and three spectral slope measures (a composite correlate of 
laryngeal laxness, laryngeal tension, and loudness). 
Since both the perceptually based and the acoustically based classifica-
tions pertain to the emotions expressed with twee maanden zwanger and zo'n 
grote Amerikaanse auto, it was necessary to calculate the percentages correct 
for the Dutch adults for these two phrases as well (these percentages have not 
been presented in any of the preceding chapters). In order to facilitate 
comparison, the percentages correct identification yielded by the three pro-
cedures have been put together in Table 10.1, separately for each of the ten 
emotions and averaged over the ten emotions. 
It may be seen from Table 10.1 that the mean percentages correct yielded 
by the perceptually based discriminant analysis and attained by the Dutch 
adults are fairly close together. It appears possible, in other words, to obtain 
an overall correct identification of emotional expressions with an automatic 
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Table IO. I Percentages of correct identifications often emotions yielded by automatic procedu-
res based on acoustic and perceptual data and attained by Dutch adults 
Classification 
Acoustically based 
Perceptually based 
By human subjects 
Emot: 
NE 
50 
94 
89 
ions 
DI 
44 
50 
48 
SU 
62 
44 
69 
SH 
38 
62 
57 
IN 
69 
81 
72 
JO 
31 
38 
76 
FE 
38 
75 
58 
CO 
31 
31 
52 
SA 
19 
62 
72 
AN 
50 
75 
74 
Mean 
43 
61 
67 
procedure based upon the perceptual ratings for five parameters which is 
virtually just as good as that which is reached with human subjects. Of 
course, this is in a situation in which a priori knowledge about the group 
memberships of the utterances were part of the input to the analysis. The 
weightings of the variables were based, in other words, on the specific 
properties of the emotional utterances that were later to be classified. It 
would be interesting to compare the performance of the human subjects with 
the performance of a discriminant analysis in which the same functions were 
used to classify a new set of emotional expressions. This would be a better 
approximation of what is requested of the human subjects: They also have to 
apply the "weightings" of variables derived from previous experiences with 
emotional expressions to a set that they have not heard before. 
The acoustically based discriminant analysis is considerably less successful 
than either the perceptually based analysis or the performance of human 
subjects. From this it could be inferred that a considerable part of the 
variance in the acoustic measurements that is not shared with the variance in 
the perceptual data which they represent cannot be used to separate the 
emotional utterances. 
A comparison of the percentages correct for the individual emotions 
shows that there are two emotions for which the three procedures do about 
equally well, namely disgust and, somewhat less convincingly, interest. If the 
perceptually and acoustically based classifications are compared, it appears 
that for the other eight emotions the former does usually considerably better 
than the latter. Exceptions are surprise, for which the opposite is the case, 
and contempt, for which there is no difference. A comparison of the percep-
tually based classification results with those obtained with human subjects 
reveals that there are about as many emotions for which the former does 
better than the latter as there are emotions for which the opposite is the case. 
The most conspicuous difference is found in the identification of joy, with a 
difference of 38% in favour of the human subjects. Again an indication that 
joy is characterized by some cues which are very difficult to grasp descriptive-
ly. It is our impression that these cues might be spectral in nature. 
The above results pertain directly to the nature and structure of vocal 
expressions of emotion. Now we will present some findings which are interes-
ting from a methodological point of view. 
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10.5 SOME METHODOLOGICAL REMARKS AND SUGGESTIONS FOR FURTHER 
RESEARCH 
As for the description, we have shown that reliable perceptual judgments 
may be obtained for many more than the four parameters commonly exami-
ned. Although statistically parameters such as tremulousness, creak, and lip 
spreading did not seem to contribute very much to the separation of the 
emotions (Chapter 4), we have argued that this may reflect the properties of 
the type of analysis used rather than their true value. It seems plausible, for 
example, that, especially in an intra-cultural setting, the auditory effect of lip 
spreading may be of help to a human listener to distinguish joy from other 
emotions (this is not to say that we think that lip spreading is always a 
component of the vocal expression of joy). Moreover, the fact that certain 
parameters did not seem to be very important for the separation of the Dutch 
expressions does not necessarily mean that they could not be of relevance for 
the separation of expressions in other languages. We therefore think that in 
future research, intra-cultural as well as cross-cultural, the range of parame-
ters described should be extended. 
Although we are convinced of the value and feasibility of detailed percep-
tual descriptions, we think that there are a few conditions the fulfilment of 
which would greatly enhance the comparability and trustworthiness of 
perceptual data obtained with different (groups of) raters. A first condition is 
the standardization of the terminology and method used to describe particu-
lar auditory effects. The vocal profile analysis protocol developed by Laver 
(1981) could serve as a basis in this respect, especially since it is accompanied 
by a tape on which a number of vocal parameters are demonstrated. How-
ever, in its present form, it is specifically aimed at the description of patholo-
gical voices. This appears not only from the categories it comprehends but 
also from the way in which the scales have been set up: Most scales are 
divided into two parts, one which is to be rated in the case of the normal 
presence and the other which is to be rated in the case of the abnormal 
presence of a particular feature. This means that if the protocol is to be used 
for the description of non-pathological emotional utterances the normal/ab-
normal distinction should disappear and that the categories which are rele-
vant to pathology only, such as audible nasal escape and diplophonia, should 
be excluded. In fact, there are a number of other categories which could be 
excluded as well, because they almost certainly are not relevant to the 
description of emotional expressions (of course, there is always a small 
chance that in some exotic culture a particular feature is being used to express 
emotional or attitudinal meaning). 
Moreover, in Laver's protocol heavy emphasis is placed on laryngeal and 
supralaryngeal settings, prosodie features being less extensively covered (the 
latter are even completely absent from the demonstration tape). Thus, in 
order to be able to fully grasp the characteristics of emotional utterances, the 
protocol will have to be supplemented with categories relative to pitch, 
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loudness, and tempo variations. Examples of scales which could be added are 
tempo variability and amount of emphasis (specific pitch contours that may 
characterize certain emotional categories are impossible to be rated on scales 
and have to be described separately). Of the prosodie parameters added, and 
also of the prosodie parameters already included, clear examples will have to 
be recorded in order to clarify their meaning. 
Obtaining a standardized and comprehensive tool for making perceptual 
descriptions is very important. It is no guarantee, however, that the ratings 
resulting from its use are reliable and that ratings obtained with different 
(groups of) raters are comparable. In other words, data are needed with 
respect to intra- and intergroup reliabilities. If certain categories, even after 
repeated attempts, would fail to yield sufficiently high reliability coefficients, 
these parameters should be discarded from the protocol. Intergroup reliabili-
ties, especially those obtained with groups of raters with varying linguistic 
backgrounds, are useful to determine to what extent perceptual judgments 
are language dependent. Insight into this question is not only of theoretical 
interest but also relevant in connection with the quest for acoustic correlates: 
If particular judgments would appear to be dependent on the linguistic 
background of the rater it would, of course, still be possible to develop 
separate acoustic correlates. The acoustic measures would lose, however, a 
part of their claimed objectivity and value for cross-cultural comparison. 
In our own study on acoustic correlates (Chapter 5), there were only two 
perceptual parameters that were satisfactorily explained by acoustic mea-
sures, namely tempo and pitch level. The correlations between the other 
acoustic measures and perceptual parameters considered were rather low. 
The relationships between the acoustic and perceptual domains are clearly in 
need of further research, preferably with longer stretches of speech than 
those used in the present study (we are presently tackling this problem 
ourselves with non-emotional speech samples of minimally 60 seconds). The 
search for acoustic correlates, especially those of prosodie characteristics, 
would greatly profit from the results of experiments in which the nature of 
perceptual judgments was examined by offering (re)synthesized stimuli in 
which different parameters were systematically varied. 
Relevant to future recognition studies are our findings that the number of 
correct identifications may be affected by response bias and, in the case of a 
simulation approach, by the verbal material which has been selected as the 
carrier for the emotional expressions (in our own study there was one phrase 
which was identified significantly worse than the other three, for no clear 
reason). Both potentially disturbing factors are in need of further investiga-
tion. Of course, in spite of the methodological problems involved, efforts to 
find ways to study non-simulated emotional expressions should be stimula-
ted. Various content masking techniques, such as random splicing and 
lowpass filtering, are available to eliminate possibly confounding effects of 
emotional meaning contained in the verbal channel of communication, 
retaining different vocal cues transmitting emotional meaning. 
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APPENDIX A 
ACOUSTIC DATA FOR TEN EMOTIONS (Chapter 5) 
F0 variation coefficient (s/m X 100, in which s = the standard deviation and m = the mean of the 
F0 distribution (N = 16) 
Mean s Minimum Maximum 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
34 98 
54 18 
113 46 
39 32 
64 92 
64 07 
48 39 
47 44 
48 96 
54 14 
11 13 
19 35 
34 46 
2138 
17 36 
22 70 
20 48 
20 45 
34 64 
20 85 
15 5 
19 5 
77 7 
8 1 
30 6 
24 5 
20 7 
12 7 
6 0 
18 2 
55 1 
89 7 
187 1 
75 2 
108 4 
1155 
109 9 
83 2 
1106 
817 
F0 median (in Hz) (N = 8) 
Females Males 
Mean J Mm Max Mean s Mm Max 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
190 
178 
332 
188 
307 
313 
312 
206 
247 
271 
12 
33 
104 
15 
42 
122 
73 
62 
32 
40 
178 
151 
178 
158 
248 
191 
242 
118 
216 
206 
211 
245 
512 
205 
373 
537 
456 
284 
309 
320 
103 
121 
152 
108 
176 
246 
203 
109 
155 
222 
7 
22 
53 
17 
35 
64 
35 
19 
37 
30 
96 
98 
84 
92 
132 
190 
154 
78 
100 
194 
117 
157 
212 
144 
212 
364 
255 
132 
223 
276 
Number of syllables per second (after subtraction of the pauses) (N = 16) 
Mean s Minimum Maximum 
Neutral 
Disgust 
Surprise 
Shame 
Interest 
Joy 
Fear 
Contempt 
Sadness 
Anger 
5 02 
2 80 
4 35 
4 08 
5 33 
4 18 
5 06 
3 24 
399 
4 35 
0 73 
0 92 
138 
105 
109 
102 
143 
101 
I 11 
1 13 
3 64 
1 39 
221 
2 02 
3 34 
2 36 
2 97 
198 
173 
2 21 
6 43 
4 55 
8 35 
6 09 
7 06 
5 87 
8 18 
5 23 
5 94 
6 26 
APPENDIX В 
INSTRUCTIONS FOR THE RECOGNITION EXPERIMENT WITH DUTCH ADULTS 
(translation from Dutch) (Chapter 6) 
If you want to know how someone feels, you can derive this not only from what someone says but also from how he orshesaysit.Thus, 
the way in which an utterance is spoken contains information about the emotion which the speaker is experiencing. By means of 
this experiment we want to find out to what extent people, solely on the basis of intonation, are able to determine with which 
emotion an utterance has been emitted. By the term "intonation" we do not only refer to pitch and changes in pitch, but also to such 
speech characteristics as tempo and voice quality. 
In a moment you are going to hear a number of recordings of women and men producing four phrases (daar is ie weer, twee 
maanden zwanger, ze is bij de luchtmacht, zo'n grote Amerikaanse auto) with ten different emotions (disgust, surprise, shame, 
interest, joy, neutral, fear, contempt, sadness, anger), but first we would like to know with which emotion you associate the verbal 
content of the different phrases. Please indicate your associations below by encircling one emotion for each of the four phrases. 
1. Daar is ie weer 
2. Twee maanden zwanger 
3. Ze is bij de luchtmacht 
4. Zo'n grote Amerikaanse auto 
disgust 
surprise 
shame 
interest 
disgust 
surprise 
shame 
interest 
joy 
neutral 
fear 
contempt 
sadness 
anger 
joy 
neutral 
fear 
contempt 
sadness 
anger 
disgust 
surprise 
shame 
interest 
Joy 
neutral 
fear 
contempt 
sadness 
anger 
disgust 
surprise 
shame 
interest 
joy 
neutral 
fear 
contempt 
sadness 
anger 
We will now start the recognition experiment. We ask you to listen very carefully to the recordings and determine which emotion 
the speaker has tried to express. You indicate your choice by encircling one and only one emotion for each utterance on your score 
sheet (the numbers on the sheet correspond with the numbers preceding the utterances on the tape). 
You will first hear six utterance to practice. After you have rated these practice utterances below there will be time for you to ask 
questions in case something is not clear. 
disgust 
disgust 
disgust 
disgust 
disgust 
disgust 
surprise 
surprise 
surprise 
surprise 
surprise 
surprise 
shame 
shame 
shame 
shame 
shame 
shame 
interest 
interest 
interest 
interest 
interest 
interest 
joy 
joy 
joy 
joy 
joy 
joy 
neutral 
neutral 
neutral 
neutral 
neutral 
neutral 
fear 
fear 
fear 
fear 
fear 
fear 
contempt 
contempt 
contempt 
contempt 
contempt 
contempt 
sadness 
sadness 
sadness 
sadness 
sadness 
sadness 
anger 
anger 
anger 
anger 
anger 
anger 
We will now continue with the proper set of utterances. There are four blocks of 80 utterances each, alternately produced by 
female and male speakers. Within the blocks individual speakers, phrases, and emotions have been put in random order. The 
different emotions do not necessarily occur the same number of times; it is, in other words, possible that some emotions will be 
presented more frequently than others. After each block you will have a break of ten minutes to relax. The total duration of the 
experiment is two hours. 
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APPENDIX С 
COMBINATIONS AND ORDER OFTHE ALTERNATIVES IN THE DEVELOPMENTAL 
RECOGNITION EXPERIMENT (Chapter 7) 
Disgust (1) 
Joy (2) 
Contempt (3) 
Disgust )3) 
Joy(l) 
Sadness (2) 
Contempt (1) 
Interest (3) 
Contempt (2) 
Anger (2) 
Surprise (1) 
Shame (1) 
Surprise (2) 
Interest (2) 
Anger (3) 
Sadness (3) 
Sadness (1) 
Joy (3) 
Surprise (3) 
Shame (3) 
Fear(2) 
Interest (1) 
Fear (3) 
Fear (1) 
Disgust (2) 
Shame (2) 
Anger (I) 
(1) = key 
(2) = distractor related to the key 
(3) = distractor not related to the key 
APPENDIX D 
COMBINATIONS AND ORDER OF THE ALTERNATIVES IN THE RECOGNITION 
EXPERIMENT WITH TODDLERS (Chapter 8) 
Disgust (1) 
Anger (3) 
Fear(3) 
Sadness (2) 
Fear (2) 
Anger (1) 
Anger (2) 
Interest (1) 
Joy(l) 
Joy (3) 
Disgust (3) 
Disgust (2) 
Interest (3) 
Joy (2) 
Interest (2) 
Fear(l) 
Sadness (1) 
Sadness (3) 
(1) = key 
(2) = distractor related to the key 
(3) = distractor not related to the key 
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Samenvatting 
In dit proefschrift worden de kenmerken van vocale expressies van emotie in 
het Nederlands onderzocht en hun herkenbaarheid als een functie van sekse, 
leeftijd en cultuur. De kenmerken worden voornamelijk in perceptieve ter-
men beschreven, maar er wordt ook aandacht besteed aan de vraag in 
hoeverre perceptieve scores door akoestische maten kunnen worden verte-
genwoordigd. De herkenbaarheid wordt bepaald voor Nederlandse mannen 
en vrouwen, voor Nederlandse jongens en meisjes, variërend in leeftijd van 3 
tot 11 jaar, en voor volwassenen uit Taiwan en Japan. De beschrijvings- en 
herkenningsgegevens worden aan elkaar gerelateerd. 
In Hoofdstuk 1 worden de twee inhoudelijke componenten van het onder-
zoek, de beschrijvings- en herkenningsexperimenten, ingeleid. Tevens wordt 
kort ingegaan op de in het onderzoek gecombineerde categoriale en dimensi-
onale benadering van emotionele expressies. Tenslotte wordt de structuur 
van het boek gegeven. 
Hoofdstuk 2 bevat een beschrijving van het spraakmateriaal waarop het 
onderzoek is gebaseerd, namelijk de gesimuleerde expressies van tien emoties 
(neutraal, walging, verrassing, schaamte, belangstelling, blijdschap, angst, 
minachting, verdriet en boosheid) geproduceerd door vier mannen en vier 
vrouwen met vier zinnen {daar is ie weer, twee maanden zwanger, ze is bij de 
luchtmacht en zo'n grote Amerikaanse auto). Speciale aandacht wordt besteed 
aan het probleem van de scheiding van het verbale en vocale communicatie-
kanaal en aan de argumenten die tot de beslissing hebben geleid om in het 
hier gepresenteerde onderzoek gesimuleerde expressies te gebruiken in plaats 
van spontane. 
In Hoofdstuk 3 wordt een studie gepresenteerd waarin de helft van het 
materiaal door zes personen is gescoord op dertien schalen, en wel met 
betrekking tot lipronding, lipspreiding, laryngale spanning, laryngale ont-
spanning, "creak" (= krakerigheid), "tremulousness" (= trillerigheid), 
"whisper" (= heesheid), "harshness" (= schorheid), toonhoogteniveau, 
toonhoogterange, luidheid, tempo en precisie van articulatie. 
Nadat was vastgesteld dat voor alle parameters de betrouwbaarheid van 
de scores hoog was, zijn op de scores een aantal variantie-analyses en a 
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posteriori contrasttoetsen uitgevoerd. De uitkomsten wezen erop dat alle 
parameters behalve lipronding relevant kunnen zijn voor het onderscheiden 
van de bestudeerde emoties. Dit is des te aannemelijker aangezien de correla-
ties tussen de scores op de verschillende schalen niet erg hoog waren. 
De opvallendste perceptieve kenmerken van de verschillende emoties zijn 
ontspanning en een laag toonhoogteniveau voor neutraal; schorheid, een 
laag toonhoogteniveau en een langzaam tempo voor walging; een grote 
toonhoogterange voor verrassing; ontspanning, heesheid, een kleine toon-
hoogterange en een zachte stem voor schaamte; ontspanning en een grote 
toonhoogterange voor belangstelling; lipspreiding, schorheid, een hoog 
toonhoogteniveau en een luide stem voor blijdschap; trillerigheid en hees-
heid voor angst; een langzaam tempo voor minachting; krakerigheid, 
trillerigheid, een kleine toonhoogterange en onpreciese articulatie voor ver-
driet; en spanning, schorheid, en een luide stem voor boosheid. 
Aangezien alleen toonhoogteniveau, toonhoogterange, tempo en luidheid 
en slechts enkele emoties in eerder onderzoek min of meer systematisch zijn 
bestudeerd, was er slechts een gedeeltelijke vergelijking mogelijk tussen de 
vocale eigenschappen van discrete emoties zoals die in het onderhavige 
onderzoek voor het Nederlands zijn gevonden en de kenmerken die voor 
andere talen zijn gerapporteerd. Het ziet ernaar uit dat in ieder geval een 
aantal emoties, waaronder blijdschap en boosheid, met betrekking tot de vier 
parameters in verschillende talen op analoge wijze worden gerealiseerd. 
Hoofdstuk 4 heeft betrekking op een studie waarin de scores die in Hoofd-
stuk 3 zijn beschreven als input zijn gebruikt voor een aantal discriminanta-
nalyses teneinde inzicht te krijgen in het relatieve belang en de specifieke 
bijdragen van de verschillende perceptieve parameters voor de statistische 
scheiding van de tien bestudeerde emoties. Zowel de volgorde waarin de 
variabelen zijn opgenomen in een aantal step-wise analyses als de gewichten 
van de variabelen in de drie functies die in de oplossing met twaalf variabelen 
zijn geëxtraheerd, wijzen erop dat de scheiding van de emoties voornamelijk 
teweeg wordt gebracht door luidheid, ontspanning, toonhoogteniveau, 
toonhoogterange, spanning en schorheid. Met luidheid als de enige voorspel-
ler werd al 32% van de emotionele expressies aan de juiste categorie toege-
kend; de analyse met de vier krachtigste variabelen leverde een percentage 
correcte classificatie van 58% op, hetgeen slechts 3% minder is dan met de 
volledige set van twaalf variabelen werd bereikt. Hoewel tempo, krakerig-
heid, trillerigheid, lipspreiding, precisie van articulatie en heesheid niet veel 
aan de classificatie leken bij te dragen, hebben wij gesteld dat dit niet 
noodzakelijkerwijs betekent dat deze parameters niet van belang zijn voor de 
karakterisering van emotionele expressies, maar veeleer dat discriminanta-
nalyse er niet in slaagt hun rol aan het licht te brengen. 
De drie functies die in de oplossing met twaalf variabelen zijn geëxtraheerd, 
lijken allemaal iets met activiteit te maken te hebben. Het blijkt over het 
algemeen erg moeilijk te zijn in vocale expressies van emotie een evaluatieve 
dimensie aan de oppervlakte te brengen. 
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Een hierarchische clusteranalyse die werd uitgevoerd op basis van de 
gesymmetnseerde classificatieresultaten van de oplossing met twaalf vari-
abelen resulteerde, ten minste bij toepassing van de minimummethode, in 
groepen emoties die we intuïtief erg aannemelijk vonden: neutraal werd 
apart gegroepeerd, verrassing, blijdschap, en belangstelling vormden samen 
een groep; walging, minachting, en boosheid vormden samen een groep; en 
angst, verdriet, en schaamte vormden samen een groep. 
In Hoofdstuk 5 wordt een poging beschreven om (combinaties van) akoesti-
sche correlaten te vinden voor zeven van de perceptieve parameters die in 
Hoofdstuk 3 zijn genoemd, namelijk tempo, toonhoogteniveau, toonhoogte-
range, schorheid, luidheid, (laryngale) spanning en (laryngale) ontspanning. 
Voor elke parameter is een beperkt aantal plausibele akoestische maten 
bekeken. 
Enkelvoudige en multiple regressie het zien dat waargenomen tempo het 
beste voorspeld kan worden door het aantal lettergrepen per seconde bere-
kend na de pauzes te hebben afgetrokken, waargenomen toonhoogteniveau 
door de mediaan van de F0-distributie, en waargenomen toonhoogterange 
door het quotient van de standaarddeviatie en het gemiddelde van de F0-di-
stnbutie De andere vier perceptieve parameters hebben meer dan een voor-
speller: waargenomen schorheid wordt voorspeld door (ongecorrigeerde) 
F0-perturbatie, twee spectrale hellingmaten en de duurmaat, waargenomen 
luidheid door twee hellingmaten, waargenomen spanning door de F0-medi-
aan, twee hellingmaten en (ongecorrigeerde) F0-perturbatie; en waargeno-
men ontspanning door twee hellingmaten. Tempo en toonhoogteniveau 
konden het gemakkelijkst door akoestische maten worden gerepresenteerd; 
ontspanning en schorheid het moeilijkst, en toonhoogterange, luidheid en 
spanning namen een tussenpositie in Met de zeven meest geslaagde akoesti-
sche maten als discriminerende variabelen in een discriminantanalyse werd 
43% van de emotionele uitingen correct geclassificeerd Ook uit deze analyse 
kwam een activiteitsdimensie naar voren. 
In Hoofdstuk 6 wordt vastgesteld hoe goed de verschillende emoties door 
Nederlandse volwassenen kunnen worden herkend en in hoeverre de herken-
ning wordt beïnvloed door het geslacht van de luisteraars, het geslacht van de 
sprekers en de zinnen waarmee de uitingen zijn geproduceerd. Dit is gebeurd 
door middel van een gedwongen-keuze-expenment waarin vierentwintig 
mannen en evenveel vrouwen op de stimuli reageerden door telkens uit tien 
emotielabels de best passende te kiezen. 
Hoewel alle emoties boven kans werden herkend, bleek de herkenning van 
sommige categorieën, zoals neutraal, boosheid en blijdschap, aanzienlijk 
makkelijker dan die van andere, zoals walging, minachting en schaamte. De 
relatieve herkenbaarheid van de emoties zoals die uit het onderhavige onder-
zoek naar voren kwam, bleek weinig overeenkomsten te vertonen met de 
volgordes die in andere studies zijn gerapporteerd Dit gebrek aan overeen-
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stemming kan een gevolg zijn van verschillen in de opzet van de experimen-
ten, maar het kan ook echte fluctuaties in de herkenbaarheid van de 
vergeleken emoties weerspiegelen. 
Er was geen significant verschil tussen de mannelijke en vrouwelijke 
sprekers wat betreft de duidelijkheid waarmee ze de verschillende emoties 
realiseerden en er was ook geen significant verschil tussen de mannelijke en 
vrouwelijke luisteraars wat betreft de juistheid waarmee ze de verschillende 
emoties identificeerden. Beide uitkomsten zijn in overeenstemming met de 
meeste gegevens die eerder onderzoek heeft opgeleverd. 
Tenslotte bleek ook dat gemiddeld genomen de emoties aanzienlijk min-
der vaak correct werden herkend wanneer ze werden geproduceerd met daar 
is ie weer dan wanneer ze met een van de andere drie zinnen werden uitge-
drukt. Het is niet duidelijk waardoor dit afwijkende gedrag is veroorzaakt. 
Het lijkt in ieder geval niet te liggen aan het feit dat de verbale inhoud van 
daar is ie weer minder neutraal zou zijn of meer in de richting van een 
bepaalde emotie zou gaan. 
De studie waarover in Hoofdstuk 7 wordt gerapporteerd, heeft betrekking 
op de herkenning van emoties door Nederlandse kinderen. Centrale vragen 
in deze studie zijn hoe de herkenning zich vanaf het vijfde levensjaar ontwik-
kelt, of er in dit opzicht een verschil is tussen jongens en meisjes, of de 
herkenning afhangt van de manier waarop de proefpersonen gevraagd wordt 
op de stimuli te reageren en of de fouten die door kinderen worden gemaakt, 
lijken op de fouten van volwassenen. Er werden expressies aangeboden van 
alle tien de emoties behalve neutraal. De proefpersonen (vijf jongens en vijf 
meisjes van 5, 7, 9 en 11 jaar en een controlegroep van vijf volwassen mannen 
en vijf volwassen vrouwen) reageerden op de stimuli door telkens te kiezen 
uit drie tekeningetjes waarop verschillende emoties stonden afgebeeld ("de 
tekeningtoets") of door te kiezen uit drie emotielabels ("de labeltoets"). Alle 
vijf de leeftijdsgroepen namen deel aan de tekeningtoets; de labeltoets werd 
alleen bij de drie oudste leeftijdsgroepen afgenomen. 
Het aantal correcte identificaties bleek met het oplopen van de leeftijd 
gestadig toe te nemen. Deze toename bleek voor een groot deel het gevolg te 
zijn van het steeds beter kunnen herkennen van verrassing, schaamte, be-
langstelling en - in de tekeningtoets - minachting. Met betrekking tot de 
andere emoties deed de oudste groep het nauwelijks beter dan de jongste. 
Er was geen significant verschil tussen de scores van de jongens en die van 
de meisjes en ook niet tussen de scores voor de twee toetsen. Waarschijnlijk 
zouden de scores voor de twee toetsen wel hebben verschild - ten voordele 
van de tekeningtoets - als het relatieve gedrag van de twee jongste groepen in 
de beschouwing was betrokken. 
Tenslotte kwam ook nog naar voren dat kinderen hezelfde soort fouten 
maken als volwassenen: beiden hebben de neiging om verwarringen te laten 
plaatsvinden binnen de cluster van verrassing, belangstelling en blijdschap, 
die van schaamte, angst en verdriet en die van walging, minachting en 
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boosheid. Als emoties uit verschillende clusters met elkaar worden verward, 
dan lijkt aan overeenkomst in mate van activiteit een wat zwaarder gewicht te 
worden toegekend dan aan overeenkomst in evaluatieve betekenis. 
In Hoofdstuk 8 wordt een soortgelijk herkenningsexperiment met drie-en-
een-half jaar oude kinderen (vijf jongens en vijf meisjes) beschreven. Er 
werden expressies aangeboden van zes emoties, namelijk walging, belang-
stelling, blijdschap, angst, verdriet en boosheid. 
Als groep bleken de kinderen alle zes de emoties boven kans te kunnen 
identificeren. Dit is de laagste leeftijd die tot nu toe in verband met de 
herkenning van vocale expressies van emotie is gevonden. Er was geen 
significant verschil tussen het aantal correcte scores voor jongens en dat voor 
meisjes. Tenslotte bracht deze studie aan het licht dat de kinderen sterk 
geneigd waren om blijdschap en belangstelling met elkaar te verwarren, 
walging en boosheid, en verdriet en angst. Wanneer er andere verwarringen 
werden gemaakt, werden emoties die overeenkwamen in mate van activiteit 
eerder verward dan emoties die overeenkwamen wat betreft hun evaluatieve 
betekenis. 
In Hoofdstuk 9 wordt er een vergelijking getrokken tussen de herkennings-
scores van volwassenen uit Nederland, Taiwan en Japan. De Nederlandse 
groep bestond uit vierentwintig vrouwen en vierentwintig mannen (zie 
Hoofdstuk 6), de Taiwanese groep uit twintig mannen en twintig vrouwen, 
en de Japanse groep uit eenenveertig mannen. De proefpersonen reageerden 
op de stimuli door telkens uit tien emotielabels de best passende te kiezen. 
Hoewel de Nederlandse proefpersonen het significant beter deden dan de 
buitenlandse proefpersonen, bleken de laatste toch nog in staat te zijn om 
bijna alle emoties boven kans correct te identificeren. Van alle emoties 
behielden boosheid, verdriet en neutraal in de cross-culturele setting hun 
herkenbaarheid het best en blijdschap het slechtst. De laatste uitkomst zou 
erop kunnen wijzen dat, in tegenstelling tot de kenmerken van gezichtsuit-
drukkingen van blijdschap, die van vocale expressies van blijdschap voor een 
belangrijk deel cultuurspecifiek zijn. 
De eerste dimensie waarlangs de uitingen werden gediscrimineerd was een 
activiteitsdimensie. Deze uitkomst komt overeen met het merendeel van de 
eerder gerapporteerde resultaten met betrekking tot de dimensionaliteit van 
vocale expressies van emotie. Het wijkt echter opnieuw af van wat de meeste 
onderzoekingen naar gezichtsuitdrukkingen hebben opgeleverd, namelijk 
een eerste evaluatieve dimensie. 
Tenslotte kwam uit het onderzoek naar voren dat sommige responsiecate-
gorieën veel vaker worden gekozen dan andere en dat veel verwarringen 
asymmetrisch zijn. 
In Hoofdstuk 10 worden de descriptieve gegevens die zijn verkregen in de 
Hoofdstukken 3, 4 en 5 gerelateerd aan de herkenningsresultaten die zijn 
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verkregen in de Hoofdstukken 6, 7, 8 en 9. Eerst wordt ingegaan op de vraag 
of de realisaties van discrete emoties in verschillende culturen bepaalde 
kenmerken met elkaar gemeen hebben. Zowel de decriptieve gegevens als de 
resultaten van onze herkenningsexperimenten met Japanse en Taiwanese 
luisteraars wijzen inderdaad in die richting. Alleen voor blijdschap kunnen 
met grote zekerheid naast een aantal overeenkomsten essentiële maar nog 
niet gedefinieerde verschillen worden aangenomen. Wat de aard en de func-
tie van emotionele dimensies betreft, bevestigen de gegevens met betrekking 
tot descriptie en herkenning elkaar eveneens: uit beide blijkt het belang van 
vocale parameters die verband houden met de activiteitsdimensie en de 
ongrijpbaarheid van de evaluatieve dimensie. Verder blijkt een discriminant-
analyse gebaseerd op de perceptieve scores voor vijf vocale parameters tot 
een bijna even groot aantal correcte identificaties te leiden als met menselijke 
luisteraars wordt bereikt. Het aantal correcte identificaties op basis van 
akoestische informatie is aanzienlijk kleiner. Naast deze inhoudelijke con-
clusies worden er in dit hoofdstuk nog enkele meer methodologisch gerichte 
conclusies getrokken, en worden er suggesties gedaan voor verder onder-
zoek. 
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STELLINGEN 
1. Het uitvoeren van het in dit proefschrift beschreven onderzoek is met naar 
verhouding weinig emoties verlopen. 
2. Als emoties in het dagelijks leven net zo duidelijk zouden worden gereali-
seerd als in deze studie (zie proefschrift), zou het aantal communicaties-
toornissen aanzienlijk worden teruggebracht. 
3. Als reactie op de resultaten van een langdurig onderzoek is niets dodelij-
ker dan "dat had ik je zo ook wel kunnen vertellen". 
4. Ook begeleiders hebben soms begeleiding nodig. 
5. Het toestaan van een grotere vrijheid in de spelling evenals het stilzetten 
van klokken bij opnames zou het sociolinguistisch onderzoek naar taaiva-
riatie ten goede komen. 
6. Het vinden van ambigue zinnen ten behoeve van wetenschappelijk onder-
zoek is moeilijker dan men op grond van hun frekwentie van voorkomen 
in het dagelijks leven zou verwachten. 
7. Het is verrassend hoe goed proefpersonen in semantische-differentiaalex-
perimenten lijken door te hebben welke schaal op welke factor hoort te 
laden. 
8. Het objectief meten van geluidsoverlast in dB zou moeten worden vervan-
gen door een subjectieve maat in termen van eenheden irritatie. 
9. In het leven wordt de overgang van "al" naar "nog" vaak als pijnlijk 
ervaren, terwijl het passeren van gestandaardiseerde overgangstijdstippen 
als het zien van Abraham feestelijk wordt gevierd. 
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